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FOREWORD

This report was prepared for the Department of the Air Force,
Ballistic Missile Office (BMO), in compliance with Contract No.
F04704-80-C-0006, CDRL Item No. 004A6. It presents the results
of Valley-Specific Aggregate Resources investigation within and
adjacent to selected lands in Utah and Nevada that are under
consideration for siting the MX system.

This volume contains the results of the Aggregate Resources
study in Pine and Wah Wah valleys. It is the seventh of several
Valley Specific Aggregate Resources investigations which will be
prepared as separate volumes. Results of this report are pre-
sented as text, appendices, and two drawings.

4 -



FN-TR-37-g

TABLE OF CONTENTS

Page

FOREWORD ................................................ i

EXECUTIVE SUMMARY ....................................... v

1.0 INTRODUCTION ............ .... .............. ...... . 1

1.1 Study Area .................................... 1
1.2 Background ....................................... 1
1.3 Objectives .................................... 3
1.4 Scope ......................................... 3

2.0 STUDY APPROACH ................................. . . 6

2.1 Existing Data . ................................. 6
2.2 Supplemental Fugro National Data6..............6
2.3 Data Analysis ................................. 8
2.4 Presentation of Results ....................... 8
2.5 Preliminary Classification of Potential

Aggregate Sources ........................... 11

3 .0 GEOLOGIC SETTING ................................. 14

3.1 Physiography .......... ... ............... 14
3.2 Location and Description of Geologic Units .... 15

3.2.1 Rock Units ............................. 17
3.2.2 Basin-Fill Units ...... ......... 21

4.0 POTENTIAL AGGREGATE SOURCES ........................ 24

4. 1 Basin-Fill Sources .......................... 25
4.1.1 Coarse Aggregate ....................... 25
4.1.2 Fine Aggregate ........................ 28

4.2 Crushed Rock Sources .......................... 30
4.2.1 Potentially Suitable Concrete Aggre-

gate or Road-Base Material Sources -
Class I .............................. 30

4.2.2 Possibly Unsuitable Concrete Aggregate/
Potentially Suitable Road-Base
Material Sources - Class II .......... 33

4.2.3 Unsuitable Concrete Aggregate or
Road-Base Material Sources -
Class III ........................ 34

4 5.0 CONCLUSIONS ....................... ........... 35

5.1 Potential Basin-Fill Aggregate Sources ........ 35
5.1.1 Coarse Aggregate .......... 35
5.1.2 Fine Aggregate ..................... 36

ii

fui



FN-TR-37-g

TABLE OF CONTENTS (Cont.)

Page

5.2 Potential Crushed Rock Aggregate Sources ....... 36

6.0 BIBLIOGRAPHY ........................................ 38

LIST OF APPENDICES

APPENDIX

A Fugro National Field Station and Supplementary
Test Data and Existing Test Data Summary
Tables - Pine and Wah Wah Valleys, Utah .... A-I

B Summary of Caliche Development ...... A-7
C Unified Soil Classification System ............. A-8
D Pine and Wah Wah Valleys, Study Area

Photographs ................................... A-9
E Fugro National Geologic Unit Cross

Reference .................................. A-14

LIST OF TABLES

Table
Number

1 Aggregate Tests - Pine and Wah Wah Valleys,
Aggregate Resources Study, Utah ............ 9

2 Preliminary Aggregate Classification System,
Valley-Specific Aggregate Resources
Study ...................................... 12

LIST OF FIGURES

Figure
Number

Valley-Specific Aggregate Resources Study
Areas, Nevada-Utah ......................... 2

2 Utah-Nevada Regional Aggregate Studies ........ 4

4

lii



FN-TR-37-g

TABLE OF CONTENTS (Cont.)

LIST OF DRAWINGS

Drawing
Number

Fugro National Field Station and Existing
Data site Location, Pine and Wah Wah In Pocket
Valleys, Utah at end

2 Aggregate Resources Map, Pine and Wah Wah of Report
Valleys, Utah

I
I

, I

S I

I -iv

IzX=



FN-TR-37-g

EXECUTIVE SUMMARY

This report contains the Valley-Specific Aggregate Resources

Study (VSARS) evaluation for Pine and Wah Wah valleys and sur-

rounding areas in Utah. It is the seventh in a series of re-

ports that contain valley-specific aggregate information on the

location and suitability of basin-fill and rock sources for con-

crete and road-base construction materials. The findings pre-

sented are based on field reconnaissance and limited laboratory

testing, existing data from the Utah State Department of High-

ways, previous regional aggregate investigations, and ongoing

Verification studies.

A classification system based on aggregate type and potential

use was developed to rank the suitability of all basin-fill and

rock aggregate sources. Four aggregate types have been desig-

nated; coarse, fine, and coarse and fine (multiple) aggregates

derived from basin-fill sources, and crushed rock aggregates

derived from rock sources. Each aggregate type was then classi-

fied using the following definitions:

Class I Potentially suitable concrete aggregate or road-base
material source;

Class II Possibly unsuitable concrete aggregate/potentially
suitable road-base material source; and

Class III Unsuitable concrete aggregate or road-base material
source.

Decisions on assigning a particular aggregate source to one of

the three classes were determined from existing test data and

v
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Fugro National laboratory aggregate tests performed as part of

this study (abrasion resistance, soundness, and alkali reactiv-

ity) and, to a lesser degree, field visual observations.

Emphasis in this study was placed on the identification of Class

I basin-fill coarse aggregate. These deposits are considered

to be the primary sources of concrete and road-base construction

materials. Results of the study are presented on a 1:125,000

scale aggregate resources map (Drawing 2) and are summarized as

follows:

1. Coarse Aggregate - Major Class I coarse aggregate deposits

are located in the Pine and Wah Wah valley study area in:

a. Alluvial fan deposits (Aafc, Aafs) adjacent to the Wah
Wah Mountains in eastern Pine Valley;

b. Older lacustrine deposits (Aolg) in east-central Wah Wah
Valley; and

c. Alluvial fan (Aafs) and older lacustrine (Aols, Ao1g)
deposits along the western side of Wah Wah Valley.

Potentially suitable Class II coarse aggregate sources are

widespread in the study area. They are typically located

within alluvial fan (Aafs, Aafg) and older lacustrine

(Aolg, Aols) deposits flanking Class I and/or Class II rock

sources.

2. Fine Aggregate - Class I fine aggregate (multiple-type)

sources were delineated in:

a. Alluvial fan deposits (Aafs) in east-central Pine Val-
ley; and

M e
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k b. Older lacustrine deposits (Aolg) in east-central Wah Wah
Valley.

Potential Class II fine aggregate sources typically occurr-

ing basinward of most Class I and Class II rock exposures

are extensively distributed throughout the study area.

Many coarse aggregate basin-fill sources are also potential

multiple sources (coarse and fine) that will supply varying

quantities of fine aggregate either from the natural deposit

or during processing.

3. Crushed Rock - Abundant Class I crushed rock sources are

present throughout the study area in:

a. Precambrian quartzite and Prospect MountaIn Quartzite
(QTz) in San Francisco and central Wah Wah mountains;

b. Notch Peak and Guilmette formations (Cau) in Wah Wah
Mountains and Needle Range;

c. Marjum Formation (Ls) in the Wah Wah Mountains and in
northwestern Wah Wah Valley;

d. Fish Haven, Laketown, Sevy, and Simonson dolomites (Do)
in Tunnel Spring and Wah Wah mountains, and Needle
Range;

e. Diorite intrusive (Gr) in San Francisco Mountains; and

f. Basalt (Vb) in northern Wah Wah Valley and extreme
southwestern part of study area.

The usability of any of these rock units as sources of crushed

rock aggregate depends on their accessibility and minability

within the study area.

Additional aggregate testing and field investigations will be

required to further refine the lateral and vertical extents of

vii
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classification boundaries and define exact physical and chemical

characteristics of a particular deposit or rock source within

the study area.
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1.0 INTRODUCTION

1.1 STUDY AREA

This report presents the results of the Valley-Specific Aggre-

gate Resources Study (VSARS) completed for Pine and Wah Wah

valleys (Figure 1). The study area is located in portions of

western Iron, Beaver, and Millard counties, Utah. Pine and

Wah Wah valleys are north-south trending alluvial basins sepa-

rated by mountain ranges of sedimentary, igneous, and metamor-

phic rocks (Tunnel Springs, Wah Wah, San Francisco mountains;

Needle and Star ranges.). Bordering the area are Snake Valley,

Tule Valley, and Sevier Desert on the north and the Escalante

Desert on the east and south. Utah State Highway 21 provides

paved road access across the central portion of the area. A

network of unpaved roads and four-wheel drive trails provide

access throughout the study area.

The study area is mainly comprised of desert rangeland managed

by the Bureau of Land Management (BLM). The Desert Range

Experimental Station, located in northwestern Pine Valley is

managed by the State of Utah. The town of Milford, Utah is

located east of the study area.

1.2 BACKGROUND

The MX aggregate program began in 1977 with the investigation of

Department of Defense (DoD) and BLM lands in California, Nevada,

Arizona, New Mexico, and Texas (FN-TR-20D). Refinement of the

MX siting area added portions of Utah and Nevada that were not

.p-. .- o-. one.
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studied in the initial Aggregate Resources Evaluation Investiga-

tion (AREI). This additional area (Figure 2), defined as the

Utah Aggregate Resources Study Area (UARSA), was evaluate-I in

the fall 1979, and a second general aggregate resources report

(FN-TR-34) was submitted on 3 March 1980. Both general aggre-

gate investigations were designed to provide regional informa-

tion on the location, quality, and quantity of aggregates that

could be used in the construction of the MX system.

Subsequent to the general studies, VSARS were developed in FY 79

to provide more-detailed information on potential aggregate

sources in specified valley areas.

1.3 OBJECTIVES

The primary objective of the VSARS program is to classify, on a

valley basis, basin-fill deposits and rock units for suitability

as concrete a-d road-base construction materials. The Valley-

Specific Aggregate Resources Study format is designed to select

and present the locations of the most acceptable aggregate

sources for preliminary construction planning and follow-on

detailed aggregate investigations.

1.4 SCOPE

The scope of this investigation required office and field

studies and included the following:

1. Collection and analyses of available existing data on the
quality and quantity of potential concrete aggregate and

T road-base material sources. American Society of Testing and
Materials (ASTM) standards and Standard Specifications for
Public Works Construction (SSPWC) were used to evaluate
quality;

'lM.. UTm. mu.
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2. Aerial and ground reconnaissance of all identified potential
aggregate sources in the valley area, with more-detailed
investigation and sample collection of likely basin-fill
(coarse and fine aggregates) and rock (crushed rock aggre-
gates) construction material sources;

3. Laboratory testing to supplement available existing data and
to provide detailed information to assist in determining the
suitability of specific basin-fill or rock as construction
material sources within the study area; and

4. Development and application of an aggregate classification
system (Section 2.5) that emphasizes aggregate type (coarse,
fine, or crushed rock) and potential construction use (con-
crete and/or road base).

w
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2.0 STUDY APPROACH

2.1 EXISTING DATA

Collection of existing test data from available sources was an

important factor in the VSARS program. The principal source of

existing data pertaining to aggregate construction materials was

the Utah State Department of Highways (Appendix A). The major-

ity of this information is related to the use of aggregate

material for asphaltic concrete, base coarse in road construc-

tion, or ballast material; however, many of the suitability

tests for these types of construction materials are similar to

those for concrete and are applicable to this investigation

(Appendix A).

2.2 SUPPLEMENTAL FUGRO NATIONAL DATA

Supplemental Fugro National data were obtained from: 1) field

data and supplementary test data collected during the general

aggregate resources studies (FN-TR-34), 2) Pine and Wah Wah

Valley Verification studys (FN-TR-27), and 3) the current

(Appendix A) and previous (FN-TR-37) Valley Specific Aggregate

Resources Studies in surrounding areas.

The primary objective of the initial general aggregate study

was a regional evaluation and ranking of all potential aggregate

sources. Thirty-eight data points from the general aggregate

studies were located within the VSARS area (Drawing 1). These

data supplied specific aggregate information which included one

150-pound sample collected for limited laboratory testing

(Appendix A).

~1'-~ S~gSUL
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7

Verification geologic maps are an initial source of information

on the type and extent of basin-fill units within specific val-

ley areas. While the Verification studies are not specifically

designed to generate aggregate information, some of the data

collected are applicable to the aggregate evaluation. Data from

18 Verification trenches were used in the evaluation of grain-

size gradations in the study area (Appendix A). Depths of the

selected trenches ranged from 5 to 13 feet (1.5 to 4.0 m).

The VSARS program required aerial and ground reconnaissance of

the study area to collect additional information to verify

conditions determined during the data review. Included in the

72 field station data stops was the collection of 50 samples

for additional laboratory testing. Potential coarse- and fine-

aggregate basin-fill samples were collected by sampling stream

cuts or man-made exposures. Potential crushed rock aggregate

samples were obtained from exposures of fresh or slightly

weathered material whenever possible. The weight of the samples

collected ranged between 100 and 150 pounds. Hand samples,

which generally did not exceed 5 pounds in weight, were col-

lected from rock units for office analyses.

Identification of basin-fill materials in all field studies

followed ASTM D 2488-69 Description of Soils (Visual-Manual

Procedure), and the Unified Soil Classification System (Appen-

4 dix C). Rock identifications followed procedures described in

the Quarterly of the Colorado School of Mines (1955) and Stan-

dard Investigative Nomenclature of Constituents of Natural

Mineral Aggregates (ASTM C 294-69).

.... .. .. .. ..
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2.3 DATA ANALYSIS

Geologic and engineering criteria were used in the evaluation of

potential aggregate sources within the study area. This was

supplemented by laboratory analysis of selected samples during

the valley-specific aggregate testing program (Table 1). Coarse

aggregate is defined as plus 0.185 inch (4.75 mm) fine gravel

to boulder basin-fill material. Fine aggregate is defined as

less than 0.375 inch (9.5 mm) and predominantly less than 0.185

inch (4.75 mm), but greater than 0.0029 inch (0.074 mm), coarse

to fine sand basin-fill material. While all laboratory tests

supplied definitive information, the soundness, abrasion, and

alkali reactivity results were considered the most critical in

determining the use and acceptablity of a potential aggregate

source.

2.4 PRESENTATION OF RESULTS

Results of the study are presented in text, tables, appendices,

and two 1:125,000 scale maps. Drawing 1 presents the location

of the 150 Fugro and existing data sites within the study area.

Drawing 2 presents the location of all VSARS laboratory sample

sites and all potential basin-fill and rock aggregate sources

within the study area. In addition, these potential aggregate

sources are classified according to proposed aggregate use and

type (Section 2.5).

4 Geologic unit symbols utilized in Drawing 2 relate to standard

geological nomenclature whenever possible. Undifferentiated

basin-fill deposits and rock units were established primarily to

jIin amua. sNm.
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ASTMTESTSAMPLE TYPE AND NUMBER OF TESTS

COARSE FINE ROCK

ASTM C-88; SOUNDNESS BY USE OF MAGNESIUM 31 32 16
SULFATE

ASTM C-431; RESISTANCE TO ABRASION BY USE 30 NA 17
OF THE LOS ANGELES MACHINE

ASTM C-136; SIEVE ANALYSIS 33 33 NA

ASTM C-289; POTENTIAL REACTIVITY OF 16 9 9
AGGREGATE (CHEMICAL METHOD)

ASTM C-127 AND C-128; SPECIFIC GRAVITY 13 7 5
AND ABSORPTION

URDITP4 INVETITION TABLE

27 FESB81
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accommodate accuracy of data and map scale and may contain de-

posits which could supply significant quantities of high quality

materials. A conversion table to relate these geologic symbols

to the geologic unit nomenclature used in Fugro National Verifi-

cation studies is contained in Appendix E.

All contacts which represent distinct boundaries between geo-

logic units are shown as solid lines in Drawing 2. The contacts

are dashed where the data were extrapolated beyond the limits of

the source data or where accuracy of the data may be question-

able. Local small deposits of one geologic unit may be found in

close association with a larger deposit of a different geologic

unit. Due to the reconnaissance level of the field investiga-

tion or map scale limitations, these smaller deposits could not

be depicted on the aggregate resources map and have been com-

bined with the more prevalent material. Similarly, potential

aggregate source classifications are preliminary and may contain

lesser amounts of material of another use or type. Therefore,

all classification lines are dashed and delimit the best aggre-

gate evaluations possible at this level of investigation. In

cases of highly variable rock or basin-fill units and limited

aggregate tests, boundaries could not be drawn and information

is presented as point data on Drawing 2.

Appendices contain tables summarizing the basic data collected

during Fugro National's supplemental field investigations, the

T !results of Fugro National's supplemental testing programs, and

VMMEMAL.
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existing test data gathered from various outside sources (Appen-

dix A). Also included in appendices are an explanation of cali-

che development (Appendix B), the Unified Soil Classification

System (Appendix C), photographs of typical aggregate sources

within the Pine and Wah Wah valleys study area (Appendix D), and

a geologic unit cross-reference table (Appendix E).

2.5 PRELIMINARY CLASSIFICATION OF POTENTIAL AGGREGATE SOURCES

A system was developed to preliminarily classify all potential

aggregate sources in the study area. This classification is

designed to present the best potential sources of coarse, fine,

coarse and fine (multiple source), and crushed rock aggregate

types within a valley-specific area (Drawing 2) based on poten-

tial aggregate use (Table 2). Concrete aggregate parameters are

the principal consideration in this report as materials suitable

for use as concrete aggregate and generally acceptable for use

as road-base material. Therefore, the three classifications

described below are based primarily on results of the abrasion,

soundness, and alkali reactivity tests.

Class I Potentially suitable concrete aggregate or road-base
material sources. Coarse and crushed rock aggregates
which either passed abrasion, soundness, and alkali
reactivity tests or passed abrasion and soundness
tests and were not tested for alkali reactivity; fine
aggregates which either passed soundness and alkali
reactivity tests or passed soundness tests and were
not tested for alkali reactivity.

Class II Possibly unsuitable concrete aggregate/potentially
suitable road-base material source. Coarse, fine,

Aand crushed rock aggregates which either failed the
V soundness and/or alkali reactivity tests or were

classified only by field visual observations or other
test data.

Aud imai.. -.
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AGGREGATE USE CLASSIFICATION

AGGREGATE CHARACTERISTIC'

CLASS I CLASSI CLASS III

ABRASION RESISTANCE. PERCENT WEAR 2  <50 --50 >50

Na SO4 <12 >12 >12

COARSE AGGREGATE

SONNSMg SO4  >18 18 >.18

PERCENT LOSS3

Na S04 -- 10 ---10 --10

FINE AGGREGATE

Mg SO4 <15 >-15 --15

INNOCUOUS T

POTENTIAL ALKALI REACTIVITY 4  POTENTIALLY DELETERIOUS DELETERIOUS
DELETERIOUS

1. AGGREGATE CHARACTERISTIC BASED ON STANDARD TEST RESULTS
2. ASTM C131 (500 REVOLUTIONS)
3. ASTM CS 15 CYCLE*)
4. ASTM C289

PRELIMINARY AGGREGATE CLASSIFICATION
SYSTEM.VALLEY-SPECI FIC

AGGrEGATE RESOURCES STUDY

MX SITING INVIST14GATION TABLE

OEPARTMENT OF THE AIR FORCE - 4MO 1 2

_____________________ URO NATIONALINC.
27 FEB 81
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Class III Unsuitable concrete aggregate or road-base material.
Coarse and crushed rock aggregates which failed
abrasion test and were excluded from further testing.
Fine and occasionally coarse aggregates composed of
significant amounts of clay- and silt-sized parti-
cles.

Sources not specifically identified as Class I, II, or III from

the three critical test results or clay- and silt-sized particle

content are designated as Class II sources. All classifica-

tions are preliminary with additional field reconnaissances,

testing, and case history studies needed to confirm adequacy,

delimit areal boundaries, and define exact physical and chemical

characteristics.

The following publications/sources were used in defining the

three use classifications:

1. ASTM C33-74A Standard Specifications for Concrete Aggregate;

2. SSPWC Part II Construction Sections 200-1.1, 1.4, 1.5, and
1.7;

3. Literature applicable to concrete aggregates;

4. Industrial producers of concrete aggregates; and

5. Consultants in the field of concrete aggregates.

LK
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3.0 GEOLOGIC SETTING

3.1 PHYSIOGRAPHY

The study area lies entirely within the Basin and Range physio-

graphic province (Fenneman, 1946). Primary physiographic fea-

tures are controlled by block faulting which has produced the

uplifted north-south trending mountains and intervening down-

dropped alluvial-filled basins.

The study area consists predominantly of two basins, Pine Valley

and Wah Wah Valley, with bordering mountain ranges (Drawings 1

and 2). Pine Valley is bounded on the west by the Needle Range

and Tunnel Spring Mountains and on the east by the Wah Wah Moun-

tains. Wah Wah Valley is bounded on the west by the Wah Wah

Mountains and on the east by the San Francisco Mountains and

isolated peaks (Squaw Peak, Antelope Peak, and White Mountain).

The Beaver Lake Mountains and the Rocky and Star ranges are

located west and northwest of Milford, Utah, on the east side

of the study area. TI.e Escalante Desert forms the eastern and

southeastern site boundaries. Elevations range from approx..-

mately 6800 to 5100 feet (2073 to 1554 m) in Pine ialley and

from 6000 to 4600 feet (1829 to 1402 m) in Wah Wah Valley.

Drainage in Pine Valley is closed to the Pine Valley Hardpan

except for the extreme southern part which drains to the Esca-

lante Desert. Wah Wah Valley drainage is closed to the Wah Wah

Valley Hardpan and Sevier Lake to the north. Drainage is to the

north and east near Milford and to the east and southeast in

the remainder of the Escalante Desert area.

_ ! " .7 [ "ijIN.. . uam 'a. .s . .. ' . . .
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3.2 LOCATION AND DESCRIPTION OF GEOLOGIC UNITS

Rocks of Precambrian, Paleozoic, Mesozoic, and Cenozoic age are

exposed within the study area. Various igneous, metamorphic,

and sedimentary lithologies ara represented. Unconsolidated

Quaternary alluvial deposits unconformably overlie the older

rock units.

Precambrian rocks are exposed only in the San Francisco Moun-

tains. This unit is predominantly medium- to thick-bedded

metaquartzite with interbedded phyllite and argillite.

Paleozoic rocks are present throughout the study area. They

consist predominantly of limestone and dolomite with appreciable

thicknesses of orthoquartzite and minor thicknesses of inter-

bedded sandstone, siltstone, and shale. Major exposures are

located in the northern and central Needle Range, in the Tunnel

Spring, Wah Wah, Beaver Lake, and San Francisco mountains, and

in the Star Range. Metamorphosed Paleozoic carbonate rocks are

exposed in the Beaver Lake Mountains.

Rocks of Mesozoic age are of limited areal extent within the

study area. They consist of thin- to thick-bedded sandstone

with interbedded conglomerate, siltstone, and shale. These

rocks crop out in the southern Wah Wah Mountains and the Star

and Rocky ranges.

Cenozoic rocks are exposed throughout the area. They consist

predominantly of Tertiary igneous extrusive and intrusive rocks
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with some isolated sedimentary units. Extrusive rocks are the

most abundant and consist of ash-flow and air-fall tuffs and

lava flows ranging in composition from basaltic to rhyolitic.

These rocks are exposed throughout the southern part of the

study area with isolated outcrops in the central and northern

portions. Intrusive rocks, ranging in composition from diorite

to granite, are exposed in the central Wah Wah Mountains, south-

ern San Francisco Mountains, Star and Rocky ranges, and Beaver

Lake Mountains. Tertiary sedimentary rocks that consist princi-

pally of moderately indurated, silica-cemented conglomerate are

exposed locally in the southern Wah Wah Mountains and the north-

eastern San Francisco Mountains.

Quaternary alluvial deposits unconformably overlie older units

and consist primarily of alluvial-fan, older-lacustrine, stream-

channel-and-terrace, and eolian deposits (Drawing 2). Alluvial

fans are the most extensive and widespread Quaternary deposit

within the study area. Major older lacustrine deposits are con-

centrated in northern Pine Valley and are common throughout Wah

Wah Valley.

These geologic units have been grouped into nine rock units and

four basin-fill units for use in discussing potential aggregate

sources. Grouping of these units is based on similarities in

physical and chemical properties and map-scale limitations. The

, resulting units allow for simplicity of discussion and presen-

tation without altering the conclusions of this study.
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3.2.1 Rock Units

Geologic rock units were grouped into the following nine cate-

gories (Drawing 2): quartzite (Qtz), limestone (Ls), dolomite

(Do), carbonate rocks undifferentiated (Cau), sedimentary rocks

undifferentiated (Su), granitic rocks (Gr), basalt (Vb), vol-

canic rocks undifferentiated (Vu), and metamorphic rocks undif-

ferentiated (Mu).

3.2.1.1 Quartzite - Qtz

Three quartzite units are present in the study area. They are

an unnamed Precambrian quartzite, the Cambrian Prospect Moun-

tain Quartzite, and the Ordovician Eureka Quartzite.

The unnamed Precambrian quartzite is exposed in the San Fran-

cisco Mountains. This unit consists of medium- to thick-bedded,

fine- to medium-grained, purple to red-brown metaquartzite with

interbedded argillite aad phyllite.

The Cambrian Prospect Mountain Quartzite overlies the unnamed

Precambrian quartzite and is exposed in the northern San Fran-

cisco and Beaver Lake mountains and along the western front of

the central Wah Wah Mountains, south of Highway 21. The unit

is over 4000 feet (1219 m) thick in the Wah Wah Mountains and

consists of thin- to thick-bedded, fine- to medium-grained,

pinkish-gray to reddish-brown orthoquartzite with interbedded

sandstone, micaceous shale, and conglomerate.

The Ordovician Eureka Quartzite is exposed primarily in the cen-

tral Needle Range and in the southern Tunnel Spring Mountains.
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This unit is more than 400 feet (122 m) thick and consists of

thin- to thick-bedded, fine- to medium-grained, light-brown to

white orthoquartzite with interbedded sandstone and shale near

the base and top of the unit.

3.2.1.2 Limestone - Ls

Limestone is a carbonate rock that comprises the majority of the

Paleozoic section. Units mapped as limestone consist of the

Marjum, Weeks, and Orr formations, Pogonip Group, Joanna Lime-

stone, and minor-, middle-, and upper-Paleozoic limestones with-

in the study area. These units are typically thin- to thick-

bedded, fine- to coarse-grained, light- to dark-gray limestone

with interbedded chert, sandstone, siltstone, and shale.

Locally these units may be fossiliferous. Limestone units are

mapped in the northern Needle Range, Wah Wah and San Francisco

mountains, and locally in the eastern and southeastern part of

the study area.

3.2.1.3 Dolomite - Do

Dolomite, a high magnesium content carbonate rock, is the second

most abundant lithologic unit in the Paleozoic section. Forma-

tions mapped as dolomite are the Fish Haven, Laketown, Sevy, and

Simonson. These units are exposed in the northern Needle Range,

the Tunnel Spring Mountains, and the southern Wah Wah Mountains

and are typically medium- to thick-bedded, fine- to coarse-

A grained, medium- to dark-gray dolomite with interbedded chert,

sandstone, and siltstone.
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3.2.1.4 Carbonate Rocks Undifferentiated - Cau

Undifferentiated carbonate rock units were mapped where complex,

interbedded sequences of limestone and dolomite were present or

where map scale prevented delineation of individual units.

Principal mapped formations include undivided Cambrian rocks,

the Notch Peak and Guilmette formations, and localized exposures

of upper Paleozoic carbonate rocks. The lithology of these

units varies considerably (especially the undivided Cambrian

rocks) but are typically medium- to thick-bedded, fine- to

medium-grained, medium- to dark-gray dolomite and limestone with

interbedded chert and sandstone. Undifferentiated carbonate

rocks crop out throughout the mapped area.

3.2.1.5 Sedimentary Rocks Undifferentiated - Su

Undifferentiated sedimentary rocks were mapped where interbedded

sandstone, siltstone, shale, limestone, and/or dolomite are

exposed. The highly interbedded nature of these units prevents

separation into individual rock types. Principal units consist

of numerous lower- to upper-Cambrian formations, the Chainman

Shale, numerous Mesozoic units, and the Tertiary conglomerates.

Interbedded clastic and carbonate rocks typify the Cambrian for-

mations and the Chainman Shale while interbedded clastic rocks

typify the Mesozoic and Tertiary rocks. Undifferentiated sedi-

mentary rocks are exposed in the northern Needle Range; the Wah

Wah, San Francisco, and Beaver Lake mountains; and the Rocky and

4 ' Star ranges.
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3.2.1.6 Granitic Rocks - Gr

Granitic rocks of Tertiary age are exposed in the central Wah

Wah, southern San Francisco, and Beaver Lake mountains and the

Rocky and Star ranges. These units are typically medium-

grained, moderately well-jointed, gray to brownish-gray granitic

rocks. Composition ranges from dioritic to granitic with vary-

ing amounts of quartz, feldspar, and mafic minerals.

3.2.1.7 Basalt -Vb

Basaltic flows of Tertiary age are mapped in northern Wah Wah

Valley, in the southwestern portion of the study area, and in

other isolated locations throughout the site. The basalt is

typically medium- to thick-bedded, very dense, brown to black,

vesicular, and moderately to poorly jointed.

3.2.1.8 Volcanic Rocks Undifferentiated - Vu

Tertiary undifferentiated volcanic rocks comprise an extensive

unit throughout the study area. This unit consists of a variety

of interlayered volcanic ash-flow and air-fall tuffs and lava

flows. Composition ranges from basaltic to rhyolitic but is

generally dacitic to rhyolitic. Volcanic units are extensively

exposed in 'he Needle Range; the Tunnel Spring, Wah Wah, San

Francisco, and Beaver Lake mountains; the Rocky and Star ranges;

and the area around Squaw Peak, Antelope Peak, and White Moun-

tain.

3.2.1.9 Metamorphic Rocks Undifferentiated - Mu

r Undifferentiated metamorphic rocks are mapped only in the Beaver

Lake Mountains. They are predominantly light-gray, coarse-

grained Paleozoic carbonate rocks that have undergone varying
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degrees of metamorphism due to intrusion of the adjacent gran-

itic rock.

3.2.2 Basin-fill Units

Four basin-fill units are mapped within the study area (Draw-

ing 2). They consist of older lacustrine deposits (Aol), allu-

vial fan deposits (Aaf), stream channel and terrace deposits

(Aal), and undifferentiated deposits (Au). Cobble (c), gravel

(g), and sand (s) grain-size designations (e.g., Aafg) have been

assigned to basin-fill units in the Verification mapped areas.

Basin-fill units which have high silt and/or clay content are

considered unsuitable aggregate sources (Class III) and will not

be discussed. These units are active playas, alluvial fans, or

older lacustrine deposits located generally near the valley

center.

3.2.2.1 Older Lacustrine Deposits - Aol

Older lacustrine deposits are present in both Pine and Wah Wah

valleys. Deposits were formed in Pine Valley during a period of

higher rainfall in the Pleistocene when a small closed lake oc-

cupied the center of the valley to an elevation of approximately

5200 to 5300 feet (1585 to 1615 m). These deposits are typi-

cally poorly graded, moderately stratified gravelly sand.

Older lacustrine deposits in Wah Wah Valley were formed by

Pleistocene Lake Bonneville. The highest strand elevation was

approximately 5200 feet (1585 m). These deposits are more ex-

tensive than the deposits in Pine Valley because of the greater
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size of Lake Bonneville. Older lacustrine deposits are typical-

ly poorly graded and moderately to well stratified. Deposits on

the east side of Wah Wah Valley consist predominantly of boul-

ders, cobbles, gravel, and sand derived from quartzitic source

rocks. Deposits along the western side are generally gravel and

sand with some cobbles, silt, and clay from carbonate and vol-

canic sources.

3.2.2.2 Alluvial Fan Deposits - Aaf

Alluvial fans form the most extensive basin-fill deposits in the

study area. They are generally moderately well- to poorly

graded, poorly stratified sandy gravel and gravelly sand. Al-

luvial fans are generally coarse grained near the mountain front

and fine grained near the basin center. Fans derived from

quartzite and carbonate rocks show a greater range of gradation

(boulders to clay) and are coarser-grained near the mountain

front, whereas, fans formed from volcanic and granitic areas are

predominantly sand. Caliche development (Appendix B) ranges

from none to Stage III, depending on fan age, composition, and

gradation.

3.2.2.3 Stream Channel and Terrace Deposits - Aal

Stream channel and terrace deposits are widespread throughout

the study area although most are too small to depict at the

1:125,000 map scale. Deposits that were mapped represent sig-

nificantly large drainages and are typically poorly graded, mod-

erately well-stratified sand with some gravel, cobbles, and

boulders. Locally these units may be predominantly gravel.

ill~mE *L. -



FN-TR-37-g
23

3.2.2.4 Alluvial Deposits Undifferentiated - Au

Undifferentiated alluvial deposits consist of combinations of

basin-fill units that were not delineated and mapped during the

Verification program. In northern Pine Valley, this unit is

composed of intermixed alluvial fan and eolian deposits.

Undifferentiated alluvial deposits in the Escalante Desert area

contain alluvial fan, older lacustrine, and stream channel and

terrace deposits. These units are unstratified to stratified

mixtures of boulders, cobbles, gravel, sand, silt, and clay

derived from a variety of rock sources.
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4.0 POTENTIAL AGGREGATE SOURCES

Based on the results of field visual observations and aggregate

testing, potential basin-fill and rock sources were divided into

three basic material types (i.e., coarse, fine, and crushed

rock) and classified into one of the three use categories (Sec-

tion 2.5). Basin-fill deposits tested in the study area may

also be placed within a multiple-type category (coarse and fine

aggregate source). Coarse aggregate (gravel to boulders) in-

cluded material predominantly retained on the No. 4 sieve (0.185

inch (4.75 mm]). Fine aggregate (predominantly sand) includes

material entirely passing the 3/8 inch sieve (0.375 inch

[9.5 mm]), almost entirely passing the No. 4 sieve (0.187 inch

[4.75 mm]), and retained on the No. 200 sieve (0.0029 inch

[0.074 mm]).

Classification boundaries (Drawing 2) of basin-fill aggregate

sources were generalized and will require additional studies to

accurately define their location. Boundaries of identified

crushed rock sources are based on the areal extent of the geolo-

gic formations tested (i.e., Prospect Mountain Quartzite, Fish

Haven Dolomite) and not on the aggregate geologic unit (i.e.,

Qtz, Do) described in Section 3.2.1.

In the following discussion, the best potential coarse, fine, or

crushed rock source within each Class I and Class II category is
4

presented first, followed by sources with successively lower

potential. This ranking of deposits is preliminary and based

upon an analysis of Fugro National and existing data.
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4.1 BASIN-FILL SOURCES

4.1.1 Coarse Aggregate

4.1.1.1 Potentially Suitable Concrete Aggregate or Road-
Base Material Sources - Class I

In Pine Valley, Class I coarse aggregate sources are located in

alluvial fan deposits (Aafc, Aafs) along the western side of the

Wah Wah Mountains (Drawing 2). These fan units are predominant-

ly moderately to poorly graded, poorly stratified, medium-dense

sandy gravel composed of subangular to subrounded quartzite,

limestone, and dolomite clasts. Laboratory tests showed accept-

able abrasion, soundness, and alkali reactivity (where tested)

results. Overburden, ranging from 1 to 3 feet (0.3 to 0.9 m),

consists of soil horizons with Stage I to III caliche develop-

ment. Good access to these deposits is provided by numerous un-

paved roads which transect the area. Minability is considered

good to excellent. Class I boundaries are tentative where

shown, and additional field investigations will be necessary to

accurately define all Class I coarse aggregate alluvial fan

sources west of the Wah Wah Mountains.

Class I coarse aggregate sources are located in older lacustrine

deposits (Aolg) along the east side of Wah Wah Valley (Draw-

ing 2). These sources are located in shoreline features of

Pleistocene Lake Bonneville and consist of poorly graded, mod-

erately well stratified, moderately well-rounded sandy gravel

* with cobbles and boulders. Clasts are approximately 90 percent

quartzite with minor amounts of carbonate and clastic rock frag-

ments.
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Laboratory tests show acceptable Class I results for abrasion,

soundness, and alkali reactivity. Overburden ranges from 0 to 3

feet (0 to 0.9 m) and consists of a poorly developed soil with

no to Stage I caliche development. Access is provided by a

limited number of unpaved roads, and minability is good to ex-

cellent.

Additional Class I coarse aggregate sources are located along

the west side oi Wah Wah Valley (Drawing 2) in alluvial fan

(Aafs) and older lacustrine deposits (Aols, Aotg). Alluvial fan

units are typically moderately to poorly graded, poorly strati-

fied, medium-dense sandy gravel and gravelly sand. The older

lacustrine deposits are poorly graded, moderately to well strat-

ified, loose to medium-dense sandy gravel and gravelly sand.

Clasts from both sources are derived predominantly from carbon-

ate, and to a lesser degree, volcanic rocks. Overburden ranges

from 0 to 3 feet (0 to 0.9 m) of soil with Stage I to III cal-

iche development. Testing of all sources indicate acceptable

results for abrasion, soundness, and alkali reactivity (where

tested). Graded roads and four-wheel drive trails provide ac-

cess to the area.

Other Class I sources are identified in alluvial fan deposits

(Aafs, Aaf) in Pine Valley and in undifferentiated alluvial

deposits (Au) in the Escalante Desert (Drawing 2). These ul *ts

typically consist of moderately to poorly graded, poorly strati-

fied, medium-dense, sandy gravel and gravelly sand. Although
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boundaries for these units could not be drawn from the field re-

connaissance and limited laboratory testing, most alluvial fan

and undifferentiated alluvial deposits bordering Class I rock

sources may qualify as Class I basin-fill sources.

4.1.1.2 Possibly Unsuitable Concrete Aggregate/Potentially

Suitable Road-Base Material Sources - Class II

Class II coarse aggregate sources are located in alluvial fan

deposits (Aafs) in Pine and southern Wah Wah valleys and older

lacustrine deposits in northern Wah Wah Valley (Drawing 2).

These sources are typically moderately to poorly graded sandy

gravel to gravelly sand. Samples failed to meet Class I stand-

ards for soundness or alkali reactivity (where tested). High

soundness losses occurred in samples composed predominantly of

volcanic rock clasts. Samples that were found to be deleterious

were composed predominantly of quartzite clasts (Prospect Moun-

tain and/or Precambrian quartzite). Minability and accessabili-

ty are generally good to very good.

Additional sources of Class II coarse aggregate may be located

within alluvial fans (Aaf, Aafs, Aafg) near Class I and Class II

carbonate or quartzitic rocks and in unmapped older lacustrine

units.

4.1.1.3 Unsuitable Concrete Aggregate or Road-Base

Material Sources - Class III

No unsuitable coarse aggregate sources were identified in the

study area during the valley-specific investigation.
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4.1.2 Fine Aggregate

4.1.2.1 Potentially Suitable Concrete Aggregate or
Road-Base Material Sources - Class I

A Class I fine aggregate source was delineated in alluvial fan

deposits (Aafs) flanking the Wah Wah Mountains south of State

Highway 21 in eastern Pine Valley (Drawing 2). Because of the

presence of Class I coarse aggregates, this area is mapped as a

multiple source (Section 4.1.1.1). It is typically moderately

to poorly graded, poorly stratified, medium-dense sandy gravel

with clasts composed predominantly of limestone, dolomite, and

minor quartzite rock fragments. Soundness and alkali reactivity

tests were within acceptable limits for Class I fine aggregate.

Overburden is generally less than 3 feet (0.9 m) and consists of

a soil horizon with Stage I to Stage II caliche development.

Numerous unpaved roads transect the area and minability and

accessibility are considered very good.

Class I fine aggregate sources are located in older lacustrine

deposits (Aolg) in east-central Wah Wah Valley. These are also

mapped as multiple sources because of the high Class I coarse

aggregates content (Section 4.1.1.1). Deposits are typically

poorly graded, moderately stratified, loose to medium-dense

sandy gravel and gravelly sand composed predominantly of quart-

zite clasts.

Laboratory testing indicates acceptable soundness and alkali

reactivity results. Overburden consists of 0 to 3 feet (0 to

0.9 m) of poorly developed soil with no to Stage I caliche
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development. Accessibility and minability are considered good

to excellent.

Additional Class I fine aggregate sources are located in alluvi-

al fan deposits (Aaf, Aafs) in Pine Valley and in older lacus-

trine deposits (Aolg, Aols) in Wah Wah Valley. These units are

typically moderately to poorly graded sandy gravel to gravelly

sand. Gravel comprises as much as 76 percent of these deposits

(multiple-type sources) with clasts composed predominantly of

carbonate and quartzite rock fragments. Laboratory tests meet

acceptable standards for soundness and alkali reactivity (where

tested). The accessability and minability of these sources are

generally very good.

Based on field observations, additional Class I fine aggregate

sources may exist in alluvial fans (Aaf, Aafs,Aafg) located ad-

jacent to Class I and/or Class II crushed rock sources and in

unmapped older lacustrine units.

4.1.2.2 Possibly Unsuitable Concrete Aggregate/Potentially

Suitable Road-Base Material Sources - Class II

Widespread Class II fine aggregate sources were identified from

test results in all types of basin-fill deposits (Aaf, Aol, Au,

Aal) within the study area. Tested samples failed to meet ac-

ceptable Class I standards for soundness and/or alkali reactiv-

ity. The physical properties, composition, and source of these

samples varies widely. Field observations and laboratory test

data for the sources are presented in Appendix A. Class II fine

aggregate sources are typically located basinward of Class I
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and Class II rock sources and should be available from most

Class I and Class II basin-fill areas depicted on Drawing 2.

4.1.2.3 Unsuitable Concrete Aggregate or Road-Base Mate-

rial Sources - Class III

Class III fine aggregate sources are located in the central val-

ley basins and are comprised predominantly of older lacustrine

and recent playa deposits (Drawing 2). These sediments are

typically interbedded, medium-dense fine sand and soft to stiff

silt and clay.

4.2 CRUSHED ROCK SOURCES

4.2.1 Potentially Suitable Concrete Aggregate or Road-Base

Material Sources - Class I

Class I crushed rock aggregate sources are distributed through-

out the study area. The most extensive sources occur in the

Tunnel Spring, Wah Wah, and San Francisco mountains and the

Needle Range. Mapped units consist of: quartzite (Qtz) from

the unnamed Precambrian and the Prospect Mountain formations;

undifferentiated carbonate rocks (Cau) of the Notch Peak and

Guilmette formations; limestone (Ls) from the Marjum Formation;

dolomite (Do) from the Fish Haven, Laketown, Sevy, and Simonson

formations; and igneous intrusive diorite (Gr) and basalt (Vb).

The unnamed Precambrian quartzite (QTz) crops out in the San

Francisco Mountains, and the Prospect Mountain is exposed in the

San Francisco, Beaver Lake, and central Wah Wah Mountains.A

These units have similar aggregate properties. They are typi-

cally very hard, thin- to thick-bedded, brown to purple quart-

zite with interbedded argillite, phylite, and conglomerate.

mNTU mainu. rm.

MIN



FN-TR-37-g
31

Laboratory tests show these units meet minimum requirements for

abrasion, soundness, and alkali reactivity (where tested).

Jointing characteristics are generally favorable for crushing,

and minability and accessability are good to very good.

The Cambrian Notch Peak Formation (Cau) is exposed predominantly

in the Wah Wah Mountains. It is typically hard, thin- to thick-

bedded, medium- to dark-gray interbedded limestone and dolomite.

Locally, some interbedded shale is exposed. Laboratory data for

the Notch Peak Formation indicate acceptable results for abra-

sion, soundness, and alkali reactivity. Test data from Tule

Valley (in progress) indicate similar results. Accessibility

and minability are good in most areas near the alluvial fan and

rock contact.

w- The Devonian Guilmette Formation (Cau) was not tested within the

study area but is considered a Class I source from test results

in nearby Snake Valley (FN-TR-37-b) and Hamlin Valley (FN-TR-

37-e). This unit is exposed in the northern Needle Range and

near White Mountain on the eastern border of the site. It con-

sists of hard, thick-bedded, light- to dark-gray interbedded

limestone and dolomite which may be locally sandy and/or silty.

Accessibility and minability range from poor to good depending

on location within the study area.

The Cambrian Marjum Formation (Ls) is exposed in the Wah Wah

Mountains and in northwestern Wah Wah Valley. The Marjum is

hard, thin- to very thick-bedded, dark-gray limestone with
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interbedded light-gray shaley dolomite in the upper part. Lab-

oratory tested samples meet acceptable Class I standards for

abrasion and soundness but were untested for alkali reactivity.

Splitting characteristics, minability, and accessibility are

good to very good, especially in the Wah Wah Mountains in north-

eastern Pine Valley and outcrops in northwestern Wah Wah Valley.

The Ordovician Fish Haven Dolomite (Do) is exposed in the Tunnel

Spring Mountains, the central Needle Range, and in northern Pine

Valley. This unit is hard, thin-bedded, medium- to dark-brown-

gray dolomite with acceptable splitting characteristics. Test

results indicate this unit meets Class I requirements for abra-

sion, soundness, and alkali reactivity. Accessability and mina-

bility are good to very good.

The Silurian Laketown Dolomite (Do) and the Devonian Sevy and
V

Simonson dolomites (Do) were not tested within the study area

but are considered Class I sources because of favorable test re-

sults in other VSARS areas (Snake Valley, FN-TR-37-b; Hamlin

Valley, FN-TR-37-e; Tule Valley, in progress). They are typi-

cally hard, thin- to thick-bedded, medium- to dark-gray dolo-

mites with favorable splitting characteristics. These units

crop out predominantly within the northern Needle Range and

Tunnel Spring and southern Wah Wah mountains and are considered

to have very poor to good accessibility and minability.

*The Tertiary diorite intrusive (Gr) exposed in the southern

San Francisco Mountains is considered a Class I crushed rock

aggregate source. It is characteristically a light-gray hard,
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medium-grained, moderately well-jointed exposures with accept-

able splitting characteristics. Mineral composition is approx-

imately 50 percent feldspar, 20 percent quartz, and 30 percent

mafic minerals. Test results indicate this unit meets Class I

requirements for abrasion, soundness, and alkali reactivity.

Accessibility and minability are very good. Compositional

variation prevents mapping of other granitic units (Gr) in the

study area as Class I rock sources.

Basalts exposed in northern Wah Wah Valley and the southwestern

part of the study area are considered Class I sources. The ba-

salt in northern Wah Wah Valley was tested and found to meet

Class I requirements for abrasion, soundness, and alkali reac-

tivity. This unit consists of hard, thick- to very thick-

bedded, slightly vesicular, dark-brown basalt with moderately

good splitting characteristics. The basalt in the southwest was

not tested in this study and is classified on the basis of

results from Hamlin Valley (FN-TR-37-e). Accessibility and

minability are very good to excellent at both locations.

Other test results indicating Class I rock sources are presented

in Drawing 2 and Appendix A. These units are the Cambrian

Weeks and Orr limestones, the Ordovician Eureka Quartzite, and

locally undifferentiated volcanics. Lithologic variability,

prevents mapping these units as Class I.

4.2.2 Possible Unsuitable Concrete Aggregate/Potentially Suit-
ble Road-Base Material - Class II

Class II crushed rock aggregate sources were identified in un-

differentiated volcanic rocks located in the Needle Range and
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Wah Wah Mountains. Volcanic units within the study area are

typically quite variable, soft to hard, and range in composition

from basaltic to rhyolitic (generally dacitic to rhyolitic).

Granitic rocks are exposed locally within this unit. All sam-

ples passed abrasion but failed either soundness or alkali

reactivity tests. Splitting characteristics, accessibility, and

minability also vary with location.

The remainder of the rock units mapped as Class II on Drawing 2

were classified only by field visual observations. Paleozoic

carbonates (Cau, Do, Ls), undifferentiated sedimentary units

(Su), and undifferentiated volcanics (Vu) comprise the predomi-

nant rock types in this category.

4.2.3 Unsuitable Concrete Aggregate or Road-Base Material
Sources - Class III

The Weeks Limestone in northern Wah Wah Valley failed to meet

Class I abrasion standards and is classified as a Class III

source. This unit is hard, thin- to thick-bedded, light- and

dark-gray limestone. Because this formation has passed Class I

crushed rock requirements in northern Pine Valley (section

4.2.1), further field investigations will be necessary to ac-

curately define the lithology and determine the overall classi-

fication df this formation.
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5.0 CONCLUSIONS

Results of the valley-specific aggregate investigation indicate

that sufficient supplies of potentially good to high quality

(Class I and II) basin-fill and crushed rock aggregate materials

are available within the Pine and Wah Wah valleys study area to

meet construction requirements of the MX system (Drawing 2).

5.1 POTENTIAL BASIN-FILL AGGREGATE SOURCES

5.1.1 Coarse Aggregate

Major Class I coarse aggregate deposits, listed in order of

potential suitability, have been identified within the following

areas:

a. Alluvial fan deposits (Aafc, Aafs) in eastern Pine Valley,
adjacent to the Wah Wah Mountains;

b. Older lacustrine deposits (Aolg) in east central Wah Wah
Valley; and

c. Alluvial fan (Aafs) and older lacustrine (Aols, Aolg)
deposits along the western side of Wah Wah Valley.

Field observations indicate additional sources of Class I coarse

aggregates may be available in alluvial fan or older lacustrine

deposits adjacent to the rock/alluvium contact of Class I and/or

Class II crushed rock sources.

Potentially suitable Class II coarse aggregate sources are

widespread in the study area. They are typically located within

alluvial fan and older lacustrine deposits flanking Class I

and/or Class II rock sources.
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5.1.2 Fine Aggregate

While most coarse aggregate sources will supply quantities of

fine aggregate either from the natural deposits or during pro-

cessing, the following Class I fine aggregate (multi-type)

sources were identified:

a. Alluvial fan deposits (Aafs) in east-central Pine Valley;
and

b. Older lacustrine deposits (Aolg) in east-central Wah Wah
Valley.

Further field reconnaissance will be required to identify and

delineate additional Class I fine aggregate sources. However,

based on field observations, potential sources may exist in

alluvial fan deposits derived from Class I and/or Class II rock

sources and unmapped older lacustrine units.

Extensive Class II fine aggregate sources are generally found

basinward of most Class I and Class II rock units.

5.2 POTENTIAL CRUSHED ROCK AGGREGATE SOURCES

Class I crushed rock sources exist in most sections of the study

area. The most suitable deposits and their corresponding

locations are listed as follows:

a. Precambrian quartzite and Prospect Mountain quartzite
(Qtz) in San Francisco and central Wah Wah mountains;

b. Notch Peak and Guilmette formations (Cau) in Wah Wah Moun-
tains and Needle Range;

c. Marjum Formation (Ls) in the Wah Wah Mountains and in
northwestern Wah Wah Valley;

d. Fish Haven, Laketown, Sevy, and Simonson dolomites (Do) in
Tunnel Spring and Wah Wah mountains and Needle Range;

e. Diorite Intrusive (Gr) in San Francisco Mountains; and
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f. Basalt (Vb) in northern Wah Wah Valley and isolated basalt
in southwestern part of study area.

Other rock units within the study area may provide significant

quantities of Class I crushed rock (i.e., quartzite, limestone,

dolomite, and undifferentiated carbonate or sedimentary units).

Basalt, granite, and undifferentiated volcanic or metamorphic

units exhibit greater variability, but may produce localized

Class I crushed rock aggregates.

The majority of the rock units within the study area can be

expected to meet minimum Class II requirements. Localized areas

of Class III rock should be minimal but further investigations

will be required before specific units can be designated.

A
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SUPPLEMENTARY TEST DATA AND EXISTING

TEST DATA SUMMARY TABLES - PINE
AND WAH WAH VALLEYS, UTAH
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EXPLANATION OF FUGRO NATIONAL
FIELD STATION AND SUPPLEMENTARY

TEST DATA

Fugro National field stations were established at locations

throughout the Valley-Specific study area where detailed de-

scriptions of potential basin-fill or rock aggregate sources

were recorded (Drawing 1). All field observations and labora-

tory test data on samples collected at selected stations are

presented in Table A-I. Data entries record conditions at

specific field station locations that have been generalized in

the text and Drawing 2. Detailed explanations for the column

headings in Table A-i are as follows:

Column Heading Explanation

Map Number This sequentially arranged numbering system
was established to facilitate the labelling
of Fugro National field station locations
and existing data sites on Drawing 1 and to
list the correlating information on Tables
A-i and A-2 in an orderly arrangement.

Field Station Fugro National field station data are com-
prised of information collected during:

o The Valley-Specific Aggregate Resources
Study; sequentially numbered field
stations were completed by two investiga-
tive teams (A and B).

o The general aggregate investigation in
Utah (UGS).

o The Verification study in Pine and Wah
Wah Valleys; trench data (PI-T or WA-T)
were restricted to information below the
soil horizon (I to 2 meters).

Location Lists major physiographic or cultural
features in/or near which field stations or
existing data sites are situated.
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Column Heading Explanation

Geologic Unit Generalized basin-fill or rock geologic
units at field station or existing data
locations. Thirteen classifications,
emphasizing age and lithologic distinctions
were developed from existing geologic maps
to accomodate map scale of Drawing 2.

Material Except in cases where soil or rock samples
Description were classified on laboratory results, the

descriptions are based on field visual
observations utilizing the Unified Soil
Classification System (See Appendix C for
detailed USCS information).

Field Observations

Boulders The estimated percentage of boulders and
and/or cobbles is based on an appraisal of the en-

Cobbles, tire deposit. Cobbles have an average dia-
Percent meter between 3 and 12 inches (8 and 30 cm);

boulders have an average diameter of
12 inches (30 cm) or more.

Gravel Particles that will pass a 3-inch (76 mm)
and are retained on No. 4 (4.75 mm) sieve.

Sand Particles passing No. 4 sieve and retained
on No. 200 (0.075 mm) sieve.

Fines Silt or clay, soil particles passing No.
200.

Plasticity Plasticity index is the range of water
(Index) content, expressed as percentage of the

weight of the oven-dried soil, through which
the soil is plastic. It is defined as the
liquid limit minus the plastic limit. Field
classification followed standard descrip-
tions and their ranges are as follows:

None - Nonplastic (NP) (PI, 0 - 4)
Low - Slightly plastic (PI, 4 - 15)
Medium - Medium plastic (PI, 15 - 30)
High - Highly plastic (PI, > 31)

Hardness A field test to identify materials that are
a soft or poorly bonded by estimating their

*resistance to impact with a rock hammer;
classified as either soft, moderately hard,
hard, or very hard.
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Column Heading Explanation

Weathering Changes in color, texture, strength, chemi-
cal composition or other properties of rock
outcrops or rock particles due to the action
of weather; field classified as either fresh
or slight(ly), moderate(ly) or very weath-
ered.

Deleterious Substances potentially detrimental to con-
Materials crete performance that may be present in

aggregate; includes organic impurities,
low density material, (ash, vesicules,
pumice, cinders), amorphous silica (opal,
chert, chalcedony), volcanic glass, caliche
coatings, clay coatings, mica, gypsum,
pyrite, chlorite, and friable materials,
also, aggregate that may react chemically or
be affected chemically by other external
influences.

Laboratory Test Data

Sieve The determination of the proportions of par-
Analysis ticles lying within certain size ranges in

(ASTM C 136) granular material by separation on sieves of
different size openings; 3-inch, 1 1/2-inch,
3/4-inch, 3/8-inch, No. 4, No. 8, No. 16,
No. 30, No. 50, No. 100 and No. 200.

No. 8, No. Asterisked entries used No. 10, No. 20,
16, No. 30, No. 40, and No. 60 sieves, respectively.
No. 50

Abrasion Test A method for testing abrasic,. resistance of
(ASTM C 131) an aggregate by placing a 3pecified amount

in a steel drum ( the Los Angeles testing
machine), rotating it 500 times, and deter-
ming the material worn away.

Soundness CA = Coarse Aggregate
Test FA = Fine Agregate

(ASTM C 88)
CA, FA The testing of aggregates to determine their

resistance to disintegration by saturated
solutions of magnesium sulfate. It fur-
nishes information helpful in judging the
soundness of aggregates subject to weather-

Aing action, particularly when adequate
information is not available from service
records of the material exposed to actual
weathering conditions.
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Column Heading Explanation

Specific Methods to determine the Bulk Specific Gray-
Gravity and ity, Bulk SSD Specific Gravity (Saturated -
Absorption Surface Dry Basis), and Apparent Specific
(ASTM C 127 Gravity and Absorption as defined in ASTM
and 128) E12-70 and ASTM C 125, respectively.

Alkali This method covers chemical determination of
Reactivity the potential reactivity of an aggregate
(ASTM C 289) with alkalies in portland cement concrete as

indicated by the amount of reaction during
24 hours at 800C between 1 N sodium hydro-
xide solution and aggregate that has been
crushed and sieved to pass a No. 50 (300- m)
sieve and be retained on a No. 100 (150- m)
sieve.

Aggregate Use I = Class I; potentially suitable concrete
aggregate and road-base material
source.

II = Class II; possibly unsuitable concrete
aggregate/potentially suitable road-
base material source.

III = Class III; unsuitable concrete aggre-
gate or road base material source.

c = coarse aggregate
f = fine aggregate

f/c = fine and coarse aggregate
cr = crushed rock

All sources not specifically identified as
Class I, II, or III from the abrasion,
soundness, or alkali reactivity tests or the
content of clay- and silt-sized particles,
are designated as Class II sources.
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j DiSTI IBUA
FIELDGEOLOGIC MATERIAL USCSTANO

S STAT IO ATON UNIT DESCRIPTION SYMBOL 10c- ERC
Uj W

=O~ Lu

1 cc -Za c

1 P1-Al Pine Valley Aafs Gravelly Sand SP-SM

2 PI-A2 Wah Wab Ls Limestone
ountains

3 P1 -A3 Wah Wah Ls Limestone
Muntains

4 PI-A4 Pine Valley Aafs Sandy Gravel GP-G4

5 P1-AS Pine Valley Vu Rhyodacite
Ignimbrite

6 PI-A6 Pine Valley Aafs San~dy Gravel with GM
Boulders

?I-A7 Needle Range Qtz Quartzite

w8 PI-A8 Needle Range Vu Dacite Ash-flow'

Tuff

9 PI-A9 Pie Valley Aafs Gravelly Sand SP 0 30 6

10 PI-AlO Pie Valley Aafs Sandy Gravel GP-GM

11 P1-All ine Valley Aafs Sandy Gravel GW-GM

12 PI-A12 4ah Wah Vu Rhyolite flow
4unta ins

13 PI-A13 Pie Valley Aals Silty Sand Sq

14 PI-A14 Pine Valley Do Dolomite

15 PI-A15 ine Valley Aafs Silty Gravel GM
with Sand
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FIELD OBSERVATIONS

DISTRIBUTION OF
MATERIAL FINER 2 SIS
THAN COBBLES, -

DELETERBESIOUSO SIEVE ANALYSIS, PERCENT PASSING (ASTIMPERCENT C.3 , DELETERIOUS

' w =4 MATERIALS
z -' "" ,.- ,. 3/e ,. NO. NO. NO. NO.
- 3 4 8 16 30

None Chert 100 94.5 83.7 71.7 64.4 58.3 48.2

Hard Slight Shale Interbeds

Hard Slight None

None Caliche Coatings 100 94.3 86.3 67.3 42.2 28.6 20.1 15.4

mod. Mod. Volcanic Glass,
Hard Mica

None Caliche Coatings 75.0 57.9 45.5 33.6 24.3 17.0 11.3 8.3

Very Slight None
Hard

Mod. Mod. Volcanic Glass,
Hard Biotite

30 65 5 None Caliche Coatings

None Volcanic Glass 100 90.5 77.3 64.4 52.4 46.4 37.9 28.5

Low to Volcanic Glass, 90.7 84.9 76.4 65.6 53.8 44.3 32.4 22.7
Medium Volcanic Ash

Hard Slight Volcanic Glass,
Ash, Vesicles

None Volcanic Glass 100 99.2 97.5 91.2 81.8 62.2 35.6
to Low

Hard Slight None

None Caliche Coatings 100 94.7 82.2 61.1 48.3 39.1 34.3



LABORATORY TEST DATA

SPECIFIC GRAVITY AND ABSORPTION
S N_ -C(ASTM C 127 AND C 128) ALKALI

TCDSTE COARSE AGGREGATE FINE AGGREGAT REACTIVITY' - ( ST MI C 68) 
_

SPECIFIC GRAVITY SPECIFIC GRAVITY 2 (ASTN C 289)

NO. NO. NO. PERCENT PERCENT LOSS BLAK APPAR- BK APPAR-FASBULK BULK APP En CA AFPA50 100 200 WEAR CA FA 550 ENT B SSD ENT

.2 32.4 10.8 6.5 11.7 2.57 2.8 Potenti.

30.5 1.6 2.75 0.5 Innocuous Deleter

37.1 9.2

.4 11.9 9.1 6.5 27.9 1.1 9.7 2.69 1.0 Potentially

47.4 25.1 Deleterious Deleter

3 6.2 4.0 2.0 32.6 4.0 13.7 2.80 0.8 2.64 2.2 Innocuous Innocum

32.9 2.6

24.0 9.1 Deleterious

.5 19.3 13.3 9.3 35.0 26.4 29.2

.7 15.6 12.2 10.1 38.2 26.7 31.0

23.4 5.0 Deleterious

.6 26.2 18.0 12.5 46.4

23.5 0.6 2.82 0.6 Innocuous

.3 31.2 27.9 23.8 21.6 4.1 22.0

FUGRO
AND

PINE AN

MX SITENT

DEPARTMENT z
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ISORPTION
128) ALKALI

INE AGREGATEREACTIVITY C

FIC GAVITY(ASTM C 289)
.5n Cm

BULK APPAR - C F
SSD ENT CAF

2.57 2.8 Potentially
Deleterious if

Innocuous Icr

Icr~

Potentially Ic
Deleterious Deleterious hif

11cr

2.64 2.2 Innocuous Innocuous Ic/f

Icr

Deleterious 11cr

Ic/f

IIc/f

IIc/f

Deleterious 11cr

hif

Innocuous Icr

Ic
hif

FUGRO NATIONAL FIELD STATION
AND SUPPLEMENTARY TEST DATA

PINE AND WAH WAH VALLEYS, UTAH

MX SITING INVESTIGATION 
TABLE

DEPARTMENT OF THE AIR FORCE - 8O A-1
IPage I of 1O
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cc ISTRIBUI
AD MATERIAL

FIELD GEOLOGIC MATERIAL USCS THA C
z LOCATION c
STATION UNIT DESCRIPTION SYMBOL PECI

ckI-

16 PI-A16 Escalante Vb Basalt(?)

Desert Highly Altered

17 PI-A17 Escalante Au Gravelly Sand SW-SM

Desert

18 PI-AI8 Escalante Au Gravelly Sand SP 3 40 60

Desert

19 PI-AI9 Pine Valley Aafs Sandy Gravel GP 10 65 30

20 PI-A20 Pine Valley Aafs Sandy Gravel GP-GM 5 60 30

21 PI-A21 Pine Valley Aafs Sandy Gravel GW-GM

22 PI-A22 Pine Valley Aaf Silty Gravel GM

with Sand

23 PI-A23 Pine Valley Aaf Gravelly Sand SP T 45 55

• 24 PI-A24 Pine Valley Aafs Sandy Gravel GP-GM

25 PI-A25 Pine Valley Aafs Sandy Gravel GW

26 PI-Bl Pine Valley Qtz Quartzite

27 PI-B2 Pine Valley Aafs Sandy Gravel GP-GM

28 PI-B3 Pine Valley Aafs Sandy Gravel GP 7 65 3

29 PI-B4 Pine Valley Aafs Sandy Gravel GP-GM

30 PI-B5 Pine Valley Aafs Sandy Gravel GP-GM

'I F
iI
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FIELD OBSERVATIONS

DISTRIBUTION OF
MATERIAL FINER -m
THAN COBBLES, SIEVE ANALYSIS. PERCENT PASSING (ASTM

PERCENT __ DELETERIOUS
-" n MATERIALS

z * =Uj 3W I .-NO. NO. NO. NO.
-aI" ," Y 3t 4 8 16 30

Hard to Slight Amorphous Silica,
Very Hard Low Density

Material (<5%)

None Low Density 96.6 89.3 85.2 78.3 68.1 56.8 39.5 24.6

Volcanic Clasts

40 60 T None Low Density
Volcanic Clasts

65 30 5 None Caliche Coatings

60 30 10 None Caliche Coatings

None 100 88.1 78.4 61.1 43.6 30.9 22.6 17.1

None Caliche Coatings 100 96.3 90.0 72.3 49.8 35.3 26.2 21.6

45 55 0 None Chalcedony(?) ,
Volcanic Glass

None Caliche Coatings 98.2 92.8 74.9 49.9 33.8 25.0 24.2 16.4

None Caliche Coatings 96.2 84.4 61.1 45.3 34.7 28.5 24.1 19.4

Hard Slight None

None 5% Low Density 100 93.4 73.9 52.2 37.0 29.1 23.4 19.3
Sandstone

65 30 5 None Caliche Coatings

None Caliche Coatings 89.6 73.8 62.6 53.0 42.9 34.6 28.0 22.3
& Nodules

None <5% Low Density 88.0 58.9 40.7 35.5 29.6 27.5 25.3 20.3
Material

L-_,..



LABORATORY TEST DATA

SPECIFIC GRAVITY AND ABSORPTION
G C -CS S(ASTM C 127 AND C 128) ALKAL

S COARSE AGGREGA E FINE AGGREGATE EAT CG ( STCol3).- (ASTM C 88) (AS=
______- ______SPECIFIC GRAVITY '-" SPECIFIC GRAVITY (A_,' ,_B LK AP AR _ - "'

NO. NO. NO. NO. PERtENT PERCENT LOSS B B BULK BULK APPAR- t2
30 50 100 200 WEAR CA FA SSD ENT =-= SSD ENT

5 24.6 13.8 9.0 7.0 30.7 11.3 28.0

6 17.1 12.8 9.0 6.0 24.6 2.0 21.2

2 21.6 18.3 17.0 14.3 20.5 1.4 5.8

2 16.4 14.6 13.4 11.7 32.1 1.6 12.2 2.75 0.7 2.62 2.9 Potentially
Deleterious In

1 19.4 12.1 7.2 4.8 26.9 4.9 17.0

30.4 0.5

4 19.3 15.7 12.8 9.7 25.5 0.9 10.3 2.71 0.7 2.61 2.8 Innocuous

10 22.3 15.4 10.7 7.8 28.7 6.7 26.1 2.60 1.9 Innocuous

3 20.3 11.8 7.9 6.5 28.7 2.0 8.5 Deleterious

oPg

1OKPAR- ,



ABSORPI 1ON
128) ALKALI
NE AGETE REACTIVITY D

IFIC GRAVITY -= (ASIN C 289)
A zBULK APPAR-i

SSD ENT CA FA

2.62 2.41PoteritiallylI
Deleterious: innocuous ic f

Icr

2.61 2.1 Innocuous Innocuous Ic if

Innocuous Ic

i hf

DeleteriouS Deleterious' Itc/f

FUGRO NATIONAL FIELD STATION
AND SUPPLEMENTARY TEST DATA

PINE AND WVAH WAH VALLEYS, UTAH

MX SITING INVESTIGATION T.%*Lf

Al1
DEPARTMENT OF THE AIR FORCE - GW Pg 2of0

EN- *EO WTIONAL, IWO.
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FIELD GEOLOGIC MATERIAL USCS
STATION LOCATION UNIT DESCRIPTION SYMBOL W43

Z cm p"Z m

40J = goD o1 a.,, 0T

5I N -isf Wah Watt (Az Quartzite
Woun t. a I n

1; i I-i7 0 'ne Val ley Aafs Silty Sand with G14
Gravel

IS IV -A22 inlre Val l'y Aa fim Sandy Gravel GP

14 INV-.12 1 1 rne Va! Iey Aafs Gravelly Sand SP 5 35 6

I' WA-At waht Watt Aolq Gravelly Sand SP
i Val le y

I6 WA-A2 lan Francim- Utz Quartzite
mo untan n,

I/ WA-AI a t Wah Aolf Sandy Gravel GP-GM
Vat lesyVa I .1

Ili WA-A4 fah Wab Ao Sandy Gravel GP

vt I e-y

19 WA-A') iari erAncnl- Gr Diorite

,o Mtiint-ainn

40 WA-A6 Wah Wnh Aafn Sandy Gravel GW-GM
Vat l y

41 WA-'A7 i 11 fow Creek Aafs Gravelly Sand SP 5 45 5

42 WA-Al ah Wah Aafn Gravelly Sand SW-SM

lalley

41 WA-A9 4ah Wah Vu Andeaitic
al ly Ignimbrite

/ .11 lIfll



FIELD OBSERVATIONS

DISTRIBUTION OF
MATERIAL FINER Cm

THAN COBBLESO SIEVE ANALYSIS, PERCENT PASSING (ASIPERCENT-- r' z ,,, DELETER IOUS

23. MATERIALS

!E 3 "NO. NO. NO. NO.
- _3 W 3Y4 4 8 16 30

Hard to Slight None
lery Hard

Low to Caliche Coatings 98.5 91.8 76.9 58.7 45.7 41.6 39.1 38.
Med.

None Volcanic Glass 100 87.6 68.1 56.3 47.3 42.5 35.5 23.6
to Low

35 65 T None Chert, Caliche
Coatings

None Caliche Coatings 100 99.1 81.4 67.8 56.1 47.1 38.9 26.9

Very Slight None
Hard

None Caliche Coatings 100 90.4 77.1 49.7 23.7 13.2 11.0 10.

None Caliche Coatings 100 96.1 64.1 40.2 28.7 27.5 27.1 26.4

Hard Slight

None Low Density 97.0 85.4 72.7 61.1 47.1 36.7 25.7 17.4
Volcanics

45 55 T None Caliche Coatings,
Low Density Voic.

None Low Density 100 97.5 88.2 64.5 38.9 21.3 12.1
Volcanics

Mod.Hard Slight Low Density

to Hard Volcanics, Mica

, -i:J J :J~l'j mml j - I -------------------------------------------------------------------------------------------............



LABORATORY TEST DATA
- SPECIFIC GRAVITY AND ABSORPTION

(AST C 127 AND C 128) ALKALI
(ASTM C 136) C4 SOUNDNESS TEST ASAC2ANC10

=,- - (ASTM C 85) ~1EAGEAERATVT
-. SPECIFIC GRAVITY SPECIFIC GRAVITY L (ASTN C 289

NO. NO. NO. PERCENT PERCENT LOSS BULKBULK BSD BULK CA F30 50 1 2O WEAR CA FA BULK BULK ENT a E2 ULL APA E

38.2 36.9 32.1 23.6 23.2 2.8 28.0 2.71 2.1 Innocuous

23.6 11.1 3.3 1.0 38.9 18.1 33.7

26.5 10.6 3.4 1.6 30.3 4.5 11.4 2.71 0.9 2.60 2.1 Innocuous Inn

29.6 2.4

10.2 9.0 7.4 6.1 18.5 1.6 22.7 2.65 0.7 Innocuous

26.6 18.4 7.8 4.2 24.5 3.5 10.8 2.63 0.8 2.64 1.0 Innocuous Inno-

30.5 6.7 2.71 0.8 Innocuous

17.9 12.5 8.9 6.6 30.9 22.6 36.5

2.2 8.1 6.7 6.2 26.5 27.2

24.7 3.6 PotentiallyDeleterious

FUG
AND

PINE

MX so

OU[PA RIME[



GRAVITY AND ABSORPTION
C 127 AND C 128) ALKALI

FINE AGGREGATE REACTIVITY
. SPECIFIC GRAVITY 1!(ASTM C 289)

Cm

~ BLKBULK APPAR C= C
_ SSD ENT ~F

11cr

2.1 Innocuous IC
lhf

IIc/f

IC/f

0.9 2.60 2.1 Innocuous Innocuous Ic/f

Icr

0.7 Innocuous Ic
lIE

0.8 2.64 1.0 In~nocuous Innocuous Ic/f

0.8 innocuous Icr

Irc/f

IIc/f

IIC/f

Potentially Icr
Deleterious

FUGRO NATIONAL FIELD STATION
AND SUPPLEMENTARY TEST DATA

PINE AND WAH WAH VALLEYS, UTAH

MX SITING INVESTIGATION TABLE

DEPARTMENT OF THE AIR FORCE - §MO I A.
I Page 3 of 10

------------ E IC-10 NATIONAL, 81N1110



FN-TR-37o

FIELDGEOLOGIC MATERIAL USCS UI

STATION LOAIN UNIT DESCRIPTION SYMBOL R

CZM 

44 WA-AlO Wah Wah Su Limestone
Mountains

45 WA-All Escalante Au Sandy Gravel GW
Dser t

46 WA-A12 Escalante Au Gravelly Sand SP T 25 75
Dser t

47 WA-A13 Escalante Au Gravelly Sand SP 3 40 60,
Dsert

48 WA-A14 Iah Wah Ls Dolomite
Mountains

49 WA-A15 San Francis- Qtz Quartzite
co Mountains

50 WA-A16 San Francis- Au Gravelly Sand SP 3 30 6
cMountains

51 WA-A17 Wah Wah Aols Sandy Gravel GP
alley

52 WA-A18 Wah Wah Aolg Sandy Gravel GW
Valley

53 WA-A19 ah Wah Aafs Sandy Gravel GP/SP 20 50
lalley with Boulders

54 WA-A20 4ah Wah Aaf a Sandy Gravel GP-GM 10 60
lalley

55 WA-A21 rown Knoll Vb Basalt

56 WA-A22 4ah Wah Aafs Sandy Gravel GP/SP 10 50
lalley

27 FEB 81



FIELD OBSERVATIONS

DISTRIBUTION OF
MATERIAL FINER Cm
THAN COBBLESR SIEVE ANALYSIS, PERCENT PASSING (ASTIPERENT .,. " DELETERIOUS

'- MATERIALS--NO.
U- 3" W. 3 NO. NO. NO. NO.

W U. 4 e 16 30

Hard Slight Calcite
Veins

None <5% Chert,<15% Low 100 88.5 69.9 50.9 37.3 24.3 18.4
Density Volcanics

25 75 0 None Low Density
Volcanics

40 60 T None Low Density
Volcanics

Hard to Slight Caliche Coatings
ery Hard

Very Slight None
Hard

30 65 5 None Low Density
Volcanics

None 1-2% Low Density 51.7 39.9 24.0 13.6 11.6
Volcanics

None 97.2 89.0 64.0 41.5 32.4 28.9 20.6 7.9

50 50 T None Shale

60 30 10 None Caliche Coatings
to Low

Very Fresh to Vesicles, Olivine,
Hard Slight Obsidian

50 50 T None Mod.Hard Slight Volcanic Ash, Tuff

to Hard to Mod. & Glass

--



LABORATORY TEST DATA

2r SPECIFIC GRAVITY AND ABSORPTION
(ASTM, C 3)SONNSSTS (ASTM C 121 AND C 128) ALKALI

F---OREAGEAEINE AGGREGAV REACTIVITY
CA (ASTI C 289

_________SPECIFICGRAVITY -~SPECIFIC GRAVITY 1-12 ____

NO. NO. NO. NO0. PERdENT PERCENT LOSS BUL APAc UK PAR = C
30 50 100 200 WEAR CA F 55 ENT S BLK 55 ENT_____

18.4 11.9 7.8 4.5 35.8 5.7 26.7

23.4 0.7

25.6 1.7

23.9 0.7 Deleterious

7.9 2.5 1.7 1.3 24.3 1.6 6.4 2.66 0.5 2.64 1.1 Innocuous InnM

24.3 0.4 2.47 3.5 Innocuous

FU
AN

PINE

mx

09PARTM6



ALKALI-
GATE REACTIVITY U

p~ ~(ASTM C 289) IK
ETY C'm

C

IIc/f

Icr

IIc/f

Deleteious 1cr

IIc/f

DeletriousIIc/f

11IncsInnocuous Icrf

IIc/f

FUGRO NATIONAL FIELD STATION
AND SUPPLEMENTARY TEST DATA

PINE AND WAN WAN VALLEYS, UTAH

MX SITING INVESTIGATION TABLE

DEPARTMENT OF THE AIR FORCE - UMO I a-o

_____ ___=0=EN NATIONAL, IrN



STAID UNIT DESCRIPTION SYMBOL hTI

WAA1 ah Wah Anlp silty send GW-GM

to WA -Wl JLAv140n clva Aafm Sandy Gravel Gw

#0( ,A-YIH l'Awgrrn C(Yv.p Aar sandy G~ravoi OP-GM

~I WA-13IO Iawgrin (Covp L t~nmne~tons*

rp WA-till I awton Crjvp Aafi a* andy Gravel/ Op/sP 2 so so
rrava. ly Sand

V61 WA-l2~ ah Wah Aarm Sandy Gravel GP-GM
Val k'y

6 f4 WA-M3i NAh Wah Va (tanad lor ito'
vkintaI i n

Fj 11 WA-1114 Nah Wah Antn RAndly (iravoi Op-Gm
Val 103Y

6Ig6 WA -111" Wh Wah Antim Sandy Gravol OW-GM
Val lay

Io I, WA-flii Wah Wah Aarp Sandy Gravel MP-GM
Val lay

6i WA-Bil ah Wah Aa Sandy Gravel OP-_GM

a I alley

6 'F9 WA-nIH IKnaIa n f. Au~ Gravelly Hand Sp T' 3S 6

Do- - -

* / nr~m m



FIELD OBSERVATIONS
ISTRIBUTION OF
MATERIAL FINER ,-
THAP COeLES,- EETRSIEVE ANALYSIS. PERCENT PASSING (ASTIERCENT C.3 ,.D--ELETER IOUS

, 92 "" V2 MATERIALS
2 j. "U 3e NO. NO. NO. NO,

,.,- 4 a 16 30

None I00 93.3 87.5 76.0 51.7 37.7 21.8 16.6

Hard Slight Calcite Veins

None Caliche Nodules 100 98.9 93.6 78.5 46.3 30.4 17.5 11.5

None None 100 94.0 77.9 58.5 38.7 26.6 19.4 14.9

Hard Chert Nodules &
Lenses

50 50 T None Caliche Coatings
(Stage III)

None Caliche Coatings 100 96.4 76.1 57.1 40.5 31.6 24.9 20.4

Hard to Volcanic Glass,
lery Hard Mica

None 10% caliche, 93.6 84.4 68.9 54.0 43.6 37.9 33.2 28.2
<5% Shaley Sand-
stone

None Caliche Coatings 100 92.3 70.7 55.4 43.8 33.4 25.2 19.2

None Caliche Nodules, 100 83.9 68.9 57.7 44.9 37.2 30.4 25.0
<5% Shaley Sand-
stone

None <5% Caliche 100 91.4 78.6 64.5 49.7 40.5 31.3 23.0
Nodules, <5%Chert

5 65 T None Mica, Volcanic
Glass, 12% Shaley
Sandstone



LABORATORY TEST DATA

^F COA~sSPECIFIC GRAVITY AND ABSORPTION ALKALI
TESI (ASTM C 127 AND C 128) ALKALI

(ASTI C 136) SOUNDNESS TEST A A REACTIVITY
Aa . (ASTM C 88) __ _(ASTT _C_289C4 - SPECIFIC GRAVITY i SPECIFIC RAVTY(ASTM C 29

NO. NO. NO. NO. PERdENT PERCENT LOSS BULK CA I. BULK APPAR-
WEAR,, BULK S APPA S ENT30 50 100 200 _EAR CA FA , ENTI SSD ENT CCA -t

16.6 11.9 9.2 7.5 29.9 3.2 19.61

55.0

11.5 8.2 5.8 3.9 31.1 4.0 27.31

14.9 11.5 8.6 5.3 25.5 4.1 26.5

25.0 0.7 2.85 0.3 Innocuous

20.4 16.5 13.7 11.1 35.1 2.5 21.7

40.4 6.7 Deleterious

28.2 21.2 13.9 8,1 42.1 6.3 33.6 2.64 1.3 Innocuous

19.2 13.9 10.6 7.0 29.1 1.9 18.7 2.73 0.9 Innocuous

25.0 18.7 12.1 6.8 22.8 2.6 28.4 2.80 0.5 Innocuous

23.0 14.4 8.4 5.3 30.3 11.6 19.0 Deleterious

FUG
AND

PINE

M X g11
O6PAR1ME



ABSORPTION
C 128) ALKALI
FNE GRG REACTIVITY wUM

CIFIC GRAVITY (A'T C 89

K BULK APPA- cc
550 ENTI CA FA

Ic
hlf

I11cr

Ic

IC
ii f

Innocuous Icr

IIc/f

Ic
IEf

Deleterious 11cr

Innocuous Ic
II f

Innocuous Ic
IEf

innocuous Ic
ii f

Deleterious IIC/f

IIC/f

FUGRO NATIONAL FIELD STATION
AND SUPPLEMENTARY TEST DATA

PINE AND WAN WAN VALLEYS, UTAH

MX SITING INtVESTIGATION TAGLE

DEPARTMENT OF THE AIM F0omCM - 8MO ae .1

EfRND MATED NAL INS



I. FN-TR-37g

3= FIELD GEOLOGIC MATERIAL USCS :~ AC
Z STATION LOAIN UNIT DESCRIPTION SYMBOL t4~ QER

C)zw (A
____c A__ __ _ co

70 WA-Bl9 Big Wash Au Gravelly Sand SP T 15 85

71 WA-B20 San Francis- Au Gravelly Sand SP/SW T 30 70
co Mountains

72 WW-B7 Wah Wah Aols Silty Sand with SM T 30 40
Valley Gravel

73 UGS-AlB ah Wah Aols Gravelly Sand SM 0 15 70
Valley

74 tJGS-A45 Wah Wah Aols Sandy Gravel GW
Valley

75 UGS-A46 Star Range Gr Granite

76 tGS-A48 Wah Wah Ls Limestone
Mountains

77 UGS-A49 Pine Valley Aaf Sandy Gravel Gp T 50 45

78 rGS-A50 Pine Valley Aafs Sandy Gravel GP T 70 30

79 UGS-A54 Lawson Cove Ls Limestone

80 rGS-A55 Pine Valley Vu Latite

Ignimbrite

81 UGS-A56 Pine Valley Aafs Gravelly Sand SP 0 15 85

82 tGS-A57 Pine Valley Aafs Gravelly Sand SP 5 35 6

27 FES 81



FIELD OBSERVATIONS

TIIBUTION OF
TERIAL FINER Cm
NAN COBBLES, -D ELTSIEVE ANALYSIS, PERCENT PASSING (ASTM C IPERCENT Lai,, -. DE LETER IOUS

.,",.. MATERIALS
Z- u LU NOm

Q. 3" NO. NO. NO. NO. NO
u.- 4 8 16 30 50

85 T None Caliche Coatings

70 T None Caliche Coatings

40 30 None Clay, Caliche
Coatings

70 15 Low Caliche Coatings

None 5% Glass or 100 87.0 70.2 54.1 42.1 33.0 26.0 20.2 6.
Altered Volcanics

Very Fresh 5% Epidote,
Hard Zeolites

Very Slight Caliche Along
Hard Joints(Calcite ?)

45 5 Low to 5% Chert, 10%
None Volcanic Glass

30 0 None None

Very Slight Chert
Hard

Mod. Mod. Chalcedony, Volcan-
Hard ics Glass(?), Low

Density Material

85 0 None >70% Volcanic
Glass , Low
Density Material

65 T None

2 I



LABORATORY TEST DATA
SPECIFIC GRAVITY AND ABSORPTION AKL

ITM C 136) SOUNDNESS TEST R GEFiEAREA.. REACTIVITY

____ ___________SPECIFIC GRAVITY ' SPECIFIC GRAVITY ~ (SMC29

1. NO. NO. 'N O. PERdENT PERCENT LOSS BULKAPA BUK UL APRCAFBULK BL AF1 50 100 200 WEAR CA F _ 50 ENT 0. SSD ENT

2 6.6 2.1 1.0 22.2 1.08 11.3

FUGRO It4
AND SUPI

PINE AND'

MX SITING

DEPARTMENT OF



ABSORPT ION
C 128) ALKALI
FINE AGGREGATE REACTIVITY

ECIFIC GRAVITY - cm(ST 29

1K BUKAPA- CA FA

lhf

Ic/f

II f/c

liE

Ic/f

11cr

11cr

IIc/f

Ilc/f

11cr

11cr

IIc/f

FUGRO NATIONAL FIELD STATION
AND SUPPLEMENTARY TEST DATA,

PINE AND WAH WAH VALLEYS, UTAH

MX SITING INVESTIGATION TABLE

DEPARTMENT Of THE AIR FORCE - BMO

__-&URO NATIONAL, IN.



FN-TR-379

0 1ISTR I
-J ATER

FIELD GEOLOGIC MATERIAL USCS cn THAN
S STAT IO CTON UNIT DESCRIPTION SYMBOL & -

co =Uj 4

83 LGS-A58 Pine Valley Au Silty Sand SP 0 T

84 UGS-A59 Pine Valley Aafs Sandy Gravel GP 5 65

85 UGS-A60 Wah Wah Qtz Quartzite
Munta ins

86 UGS-A61 Needle Range Vu Rhyodacite

87 rGS-A64 Escalante Vu Tuff
Desert

88 UGS-A66 Escalante Vb Volcanic Flow
Desert Breccia

89 UGS-A67 Escalante Au Sandy Gravel GP 5 60
Desert

90 rGS-B31 San Francis- Qtz Quartzite
co Mountains

91 UGS-B32 Wah Wah Aafs Sandy Gravel GW 10 65
Valley

92 UGS-B33 Squaw Peak Vu Porphyritic
Andes ite

93 LGS-B34 ah Wah Vu Basalt (?)

Mo~unta ins

94 UGS-B39 Sevier Desert Aols Sandy Gravel GP 10 65

95 TGS-B41 Escalante Au Gravelly Sand SP T 30
Desert

96 UGS-B42 Escalante Vu Andesite
Desert

27 FEB 8i



FIELD OBSERVATIONS

DISTRIBUTION OF
MATERIAL FINER C
THAN COBBLES, SIEVE ANALYSIS. PERCENT PASSING (AST

PERCENT c.- DELETERIOUS
c., 22 MATERIALS

S z .- 3- W ,, NO. NO. NO. NO.' - o. m:3 I " •
, , 4 8 15 30

T 95 5 None %5 Chalcedony

65 30 5 None None

Very Fresh None
Hard

Soft Highly 5% Volcanic Glass

Mod. Mod. >70% Volcanic
Hard Glass

Mod. Slight >50% Low Density
Hard Materials

60 40 T None >50% Altered Vol-
canics & Low Den-
sity Material

Very Slight None
Hard

65 35 0 None Caliche Coatings

Hard Mod. None

Hard Slight 15% Vesicles

65 35 T None Caliche Coatings

30 70 T None 10% Low Density
Material

Hard Slight 15% Low Density
Material



LABORATORY TEST DATA 
_______

SPECIFIC GRAVITY AND ABSORPTION

G (ASTI C 136) - SOUNDNESS TEST -GRGTRAT
S (ASTM c 85) 

ATCV- - - ______SPECIFIC GRAVITY ' SPECIFIC GRAVITY 2 __ _

NO. NO. NO. NaO PERCENT PERCENT LOSS BUK APPAR t BL APPAR -
30 50 100 200 WEAR CA FA ___ ENT c SSD ENT CA

F
A

PIN

DEPARTIm



kION1
ALKALI

REAEREACTIVITY 'uLj

AVITY ~ (ASTM C 289)

APPAR-C
ENT o

hif

II:/f

11cr

I1cr

11cr

IIc/f

11cr

Ic/f

11cr

11cr

IC/f

IC/f

11cr

FUGRO NATIONAL FIELD STATION
AND SUPPLEMENTARY TEST DATA

PINE AND WAH WAH VALLEYS, UTAH

MX SITING INVESTIGATION TAIILEI

DEPARTMENT OF THE AIR FORCE - UMO A-
Plge 7 a- 1

-f *M* NATIONAL. I NO.



FN-TR-379

DisT I

FIELD GEOLOGIC MATERIAL US/CS mauil
S STAT IO CTON UNIT DESCRIPTION SYMBOL c .

- IC., 21

97 rGS-B43 Escalante Su Sandstone
Desert

98 UGS-B44 Escalante Vu Ignimbrite
Desert

99 EGS-B45 Escalante Au Gravelly Sand SP 5 25
Desert T

100 UGS-B53 Wah Wah Aols Sandy Gravel GW T 60
Valley

101 rJGS-B54 Wah Wah Vu Latite
Mountains

102 tES-B57 San Francis- Au Silty Sand SM 0 10
co Mountains

103 tGS-B58 Beaver Lake Au Gravelly Sand SP 5 40
Mountains

104 UGS-B60 Pine Valley Aafs Sandy Gravel GW 20 60

105 UGS-B61 Wah Wah Cau Limestone
Mounta ins

106 UGS-B62 Pine Valley Aafs Gravelly Sand Sw 15 45

107 UGS-B63 Wah Wah Aafs Gravelly Sand SW T 35
Valley

108 UGS-B65 Wah Wah Vu Rhyolite
Valley

10c, UGS-B66 Escalante Vu Rhyolite
IDesert

27 FES81



WPM,,o 1.1 IT
FIELD OBSERVATIONS

[TRIBUTION OF
,TERIAL FINER ca
HAN COBBLES. t DL ESIEVE ANALYSIS. PERCENT PASSING (ASTI CPERCEN C. DELETERIOUS|P RCENT -

MATERIALS

3' "" 3/,. NO. NO. NO. NO.
W - 3 12 4 4 8 16 30

Mod. Slight Iron Sulfides,
Hard Friable Material

Soft Mod. 15% Chalcedony,
Volcanic Glass

5 75 T None 5% Chert, Low
Density Material

40 0 None 5% Chert, Caliche
Coatings

Hard Slight 5% Volcanic Glass

0 60 30 None Caliche Coatings

0 60 T None Caliche Coatings

0 40 T None Caliche Coatings

Hard Slight None

5 50 5 None <5% Low Density
Intermediate
Volcanics

5 60 5 None <5% Low Density
Volcanics

Hard Slight 10% Vesicular
Low Density
Material

Hard Slight 10% Volcanic
Glass



LABORATORY TEST DATA
:1 SPECIFIC GRAVITY AND ABSORPTION

SONDES ES!(ASTM C 127 AND C 128) ALKALI
TNC 136) SONNETSTM C I8 AEFN AGGREGATE REACTIVITY

_____~~ _______ SPECIFICGRAVITY ' SPECIFIC GRAVITY co ATMC29

NO. NO. NO . PERCEtPENT NTULOS APPARJ BULK APPAR- '~rB BUKL 1K BULK CA FA
50 100 200 WEAR C FA BLjSSO ENT SSO ENT cc ______

FUGRO
ANDS

PINE AND

PAX SIHT

09PARTMUNT4



RPT I ON
8)ALKAL II.

6_AGGREGAT REACTIVITY 'J
GRAVITY(ASIM C 289)

LK IAPPAR -
;O ENT CL CA FA

11cr

11cr

hif

IIc/f

11cr

hif

iic/c

I Ic/f

11cr

IIc/f

IIc/f

11cr

11cr

PINE AND WAN WAN VALLEYS, UTAH

=no NATIONAL,1.



FN-TR-37i

j ITERIA
FIELD GEOLOGIC MATERIAL USCS TAi C

. STAT I ON UNIT DESCRIPTION SYMBOL c Q3 R

110 UGS-B67 Escalante Au Gravelly Sand SP-SM 10 30 60
Desert

111 PV-T-I Pine Valley Aafs Coarse-Fine Sand SP

112 PV-T-4 Pine Valley Aafs Sandy Gravel GP-GM
113 PV-T-10 Pine Valley Aafs Silty Sand SM

114 PV-T-12 Pine Valley Aafs Silty Sand SW-SM

115 PV-T-13 Pine Valley Aafs Silty Sand SW-SM

116 PV-T-1I Pine Valley Aafs Coarse-Medium Sand SP

117 PV-T-16 Pine Valley Aafs Silty Sandy Gravel GP-GM

118 PV-T-17 Pine Valley Aafs Sandy Gravel GP-GM

119 PV-T-19 Pine Valley Aafs Silty Gravel GM

120 WA-T-2 Wah Wah Aafs Sandy Gravel GP-GM
Valley

121 WA-T-3 Wah Wah Aafs Silty Sand SM
Valley

122 WA-T-7 Wah Wah Aafs Coarse-Fine Sand SW
Valley

123 WA-T-8 Wah Wah Aafs Silty Sand SP-SM
Valley

124 WA-T-9 Wah Wah Aafs Coarse-Fine Sand SW
Valley

125 WA-T-14 Wah Wah Aafs Sandy Gravel GW-GM
Valley

4
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FIELD OBSERVATIONS

8IST8iUUTIOU OF -...
STERIAL FINER cm
TNAN CODILES. -- SIEVE ANALYSIS PERCENT PASSING (ASTI

PERCENT DELETERIOUS
M I.- NATERIALS

i W

.. 3* 1"* 4t No. No. No. No.

30 60 10 l"W None

100 86.0 73.4 62.0 *45.4 *28.5 *16.1

100 73.6 36.5 22.5 '17.4 '15.0 *13.1

100 91.3 86.3 *76.7 *62.4 *48.!

100 93.1 84.8 '68.( *40.0 *22.

100 98.0 79.7 62.4 '41.2 *26.8 *19.

100 94.5 86.7 71.4 58.2 *43.0 *23.8 '10.

100 80.1 53.0 32.5 '23. '19.7 '16.

100 89.91 40.5 31.8 26.2 '21.5 '15.9 '12.

100 74.5 66.8 56.6 '47.1 *35.4 '27.(

100 68.0 47.1 36.1 *26.7 *20.4 *16.

100 97.4 *88.2 *68.2 '46.

100 78.4 60.5 '41.3 '21.4 '10.1

o00 90.0 77.9 *59.0 *38.4 '24.

100 97.8 86.9 60.2 *33.8 w19.4 *12.

100 82.0 73.4 56.3 41.5 *26.9 '.7. *13.

€.--



_____________________ LABORATORY TEST DATA

SPECIFIC GRAVITY AND ABSORPTION
(h C13)(ASTM C 127 AND C 128) AKL

NO. NO. NO. N~O. PERdENT PERCENT LOSS BL PPAR = ==BL APR-c
3 50 100 200 WEAR CA FA NTS N

*16.! *9-5 5.5 3.4

*13.1 *12. 11.3 9.4

4*48.C *341 21.7 12.5

*22.; *13.1 8.3 6.4

*19.( *14.5 11.5 9.4

*10.E *4.1 1.9 1.1

*16.6 *13.8 11.8 10.2

*12.C *9-5 7.5 5.3

*27.C *22.2 19.4 17.0

*16.C *12.5 9.6 7.3

*46.; *31.5 22.7 14.3

*10.2 *6.1 4.3 3.6

*24.f *17. 14.5 12.0

*12.9 *9.1 6.6 4.8

*13. *10.1 8.1 5.7

--------------------------------------------------------------------

FUG
AND

PINE

---- --- .



AND ABSORPTION
ND C 128) ALKALI

FINE AGGREGATE REACTIVITY
[SPECIFICGRAVITY caAT C29

BUKBULK APPAR- c"
SSG ENT CLC.F

IIc/f

IIc/f

I Ic

lIE

hif

IIc/f

Ilc/f

IIC

I Ic

lIcE

IIC

II E

IIc/f

lIE

Ilc/E

Ilc/f

FUGRO NATIONAL FIELD STATION
AND SUPPLEMENTARY TEST DATA

PINE AND WAH WAH VALLEYS, UTAH

MX SITING INVESTIGATION TANLE

DEPARTMENT OF THE AIR FOC - AM0
IRS 9of10

ONO NATIONAL, ERO9
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uj i

" DISTE

Am FIELD GEOLOGIC MATERIAL USCS THANSLOCAT ION c
C STATION UNIT DESCRIPTION SYMBOL P -.-

LI J i Z -
2E cq CDuj

_____cc _______ C q

126 WA-T-15 Wah Wah Aols Clayey Silt ML
Valley

127 WA-T-16 Wah Wah Aois Silty Clay CH

Valley

128 WA-T-18 Wah Wah Aafs Clayey Silt ML
Valley

27 FEB 81I
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FIELD OBSERVATIONS

JISTRIBUTION OF
UTERIAL FINER ca
THAN COBBLES, tWSIEVE ANALYSIS. PERCENT PASSING (ASTMI

PERCENT uiDELETERIOUS
WMATERIALS--- - - - - - - -

zj -we Im - W* NO. NO. NO. NO.
C4* u-. 06 : 4 8 16 30

100 99.8 *99.4 *97.6 *94.8

*100

100 95.7 91.0 *86.3 *83.5 *79.9



LABORATORY TEST DATA

= ~ SPECIFIC GRAVITY AND ABSORPTION
SONDES TST(ASTM C 121 AND C 128) ALKALI

C136) U (SOUONS EERTACTIVITY
(SMC 88) CASEFIEAGGT 2 (ASTM C 289)

- - ______SPECIFIC GRAVITY SPECIFICGRAVITY ~ _ _

NO. NO. wa . PERdENT PERCENT LOSS CL BULK 550 AR ENT C CA
50 iu 20 ER A F K BUL APPAR t BULK APPAR -, C FA
5 10 20 WERSSO ENT cc ____EN

*89.7 72.0 52.6

*99.9 99.8 99.8

*74.3 66.3 54.6

FUGRO NA
AND SUPP

PINE ANDW

mx SMTsW I

wEasTETO



ABSORPT ION
128) ALKALI

__________A REACTIVITY

IFIC GRAVITY (ASTI C 289)

BULK APPAR- c
SSO ENT CA FA

ii f

iI f

8EANTMEN? OF THE AIR FORCK - 11110 A-
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A-5

EXPLANATION OF EXISTING DATA

Existing data pertaining to aggregates were extracted from the

Utah State Department of Highways' Materials Inventory county

reports. These reports are compilations of avaiable site data

from existing files and records and are intended to accurately

locate, investigate, and catalog materials needed for highway

construction. Explanations for column headings which appear in

Table A-2, that have not been previously discussed in Table A-i,

are given below:

Column Heading Explanation

Site Number Utah State Department of Highways pit or
site number. Locations correspond to map
numbers listed on this table and placed on
Drawing 2.

Material To maintain conformity within the study, the
Description Utah State Department of Highways classifi-
USCS Symbol cation system (A.A.S.H.O.) was converted to

the Unified Soil Classification System
(USCS) utilizing the sieve analyses' size
distribution and the plasticity indices.

Sieve Analysis The size distribution of fine and coarse
aggregate samples was determined by sieving.
In some samples, particles greater than
1 inch in size (>1 inch) were crushed to
1 inch maximum size and remixed with the
remaining sample before sieving. In these
cases, data entries under 1 inch are 100
percent, preceeded by before crushing
percentages.

No. 10, No. 40 Samples tested after mid-1963 used No. 8
and No. 50 sieves, respectively. These
entries are marked with asterisks.

Soundness Test The testing of aggregates to determine their
resistance to disintegration by saturated
solutions of sodium sulfate. It furnishes
information helpful in judging the soundness
of aggregates subject to weathering action,

mudn- U aumm. i



FN-TR-37-g
A-6

Column Heading Explanation

Soundness Test particularly when adequate information is
(cont.) not available from service records of the

material exposed to actual weathering
conditions.

w

4 . . . . I r . . .. 1 (. .



FP4TR-37g

SITE DATA LOCATION I

NUBER SOURCE uscI l

129 14126 USDH Millard Co. Pine Valley Aaf Gravelly Sad

130 14127 USDH Millard Co. Pine Valley Aals Silty Sand with Qagv"

131 14128 SDR Millard Co. Pine Valley Aafs Gravelly Sand

132 01067 SDR Beaver Co. Pine Valley Aols Gravelly Sand

133 01066 DR Beaver Co. Pine Valley Aols Gravelly Sand

134 01065 SDH Beaver Co. Pine Valley Aafs Silty Sand with qusa

135 01064 [DH Beaver Co. Pine Valley Aalg Silty Gravel with S

136 01063 USDH Beaver Co. Pine Valley Mrs Silty Sand

137 01062 USDH Beaver Co. Wah Wah Aafs Sandy Gravel with I

Valley

138 01061 SDH Beaver Co. Wah Wah Aafs Sandy Gravel
Valley

139 01060 SDH Beaver Co. Wah Wah Aafs Silty Sand with GE

Valley

140 01059 SDB Beaver Co. Wah Wah Aae Silty Gravel with IM
Valley

141 01058 9DR Beaver Co. Wah Wah Aols Silty Gravel with i
Valley

142 01057 SDB Beaver Co. Wah Wah Aafs Silty Sand with GM

Valley

143 01056 [DH Beaver Co. Wah Wmh Aaf Silty Sand with 0E

Valley

144 01055 DR Beaver Co. Zscalante Aare Silty Band with

Desert

12 F 51 Vi

7PM II



SIEVE ANALYSIS m LATCYI- u Wl,, PLASTICITY

S BEHIRE PERCENT PASSING AFTER - INDEXCRUSHING,
DL PERCENT CRUSHING TO I" MAXIMUM SIZE ,., C

- % - -(ASTI D 423
-3- - 1 NO. NO. NO. NO. PERCENT tand 0 424)

4 10 40 200 WEAR CA' FA:

5.3 18.3 100 54.0 31.3 11.0 4.7 27.1 NP

8N 11.6 18.4 100 60.0 45.8 26.1 8.8 23.4 NP

0 11.9 100 60.9 50.0 23.1 4.9 32.8 NP

10.6 100 55.3 38.9 5.7 0.5 26.1 NP

1.9 25.7 100 58.9 45.2 13.1 3.6 23.8 NP

SM 4.0 16.5 100 50.5 36.8 21.4 8.1 28.3 NP

6.2 15.0 100 38.8 25.4 13.2 5.7 27.9 NP

SM 9.0 20.3 100 54.0 40.2 20.9 7.6 28.8 NP

5.0 15.0 100 50.8 37.3 18.4 5.8 24.6 NP

2.5 8.5 100 40.2 27.2 11.7 3.7 28.3 NP

SM 7.8 100 78.1 54.5 44.5 21.9 9.7 24.2 4.43 10.9 NP

3.8 19.2 100 48.4 37.8 22.8 9.2 22.6 NP

2.2 14.0 100 69.9 49.8 31.0 25.0 7.8 24.0 NP

SM 5.3 13.5 100 73.0 58.5 30.9 11.4 26.0 NP

S M 7.0 15.9 100 61.8 44.0 18.9 8.4 25.8 up

i 4 7.5 17.5 100 62.0 45.2 24.1 9.9 24.6 N?

EXISTING TEST DATA
PINE AND WAH WAH VALLEYS. UTAH

Mi SITING INVESTIGATION A-2
DEPARTMENT OF THE AIR FORCE - IN

m wo myssUAL16
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Sm SITE DATA LOCATION MATERIAL
NUMBER SOURCE c ECITO

CA

145 01054 UBDH Beaver Co. Escalante Aal Gravelly Sand
Desert

146 01053 USDH Beaver Co. Escalante AU Silty Gravel with Sa

147 01052 USD1 Beaver Co. Escalante Au Sandy Gravel
Desert

148 01051 USD1 Beaver Co. Escalante Au Gravelly Sand
Desert

149 01049 USD1 Beaver Co. Escalante Au Gravelly Sand
Desert

150 11074 USD1 iron Co. Escalante Au Gravelly Sand
Desert

* / 27 FESI1



SIEVE ANALYSIS PATCT

DEOE PERCENT PASSING AFTER 9INDEX
CRUSHING, 4 q

PECET CRUSHING TO I" MAXIMUM SIZE o
PERCEN %.I'- ASTU 0 423

~3~*NO. NO. NO. NO. PERCENT andEN424
- - - 4 10 40 200 WEAR CA F ____

4.8 8.3 100 63.9141.1 13.3 4.1 24.0 NP

28.6 100 51.0 34.4 13.2 6.1 21.6 NP

37.4 100 47.0 33.3 13. 4.6 21.3 NP

12.5 100 84.9 60.1 39.5 11.4 3.7 20.6 NP

0 4.6 100 90.9 73.5 57.9 *3. 1.3 31.0 35.2 10.4 NP

6.1 100 9.3 75.2 54.2 13.9 3.8 27.1 NP

EXSTN TES -D-T-

_ _ _ _ _ _ _ _ _ _ _ _ _ _Ml__ _ _ _ _ _ _ _ _ _INVESTIG T ION L TABL
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APPENDIX B

SUMMARY OF CAL ICHE DEVELOPMENT



PWT~~g47g 31*UTIC COIRffiATE NIPHOLOSTA.

STAGE IVELLY SOILS UUIUAVELLT SOILS

IThina. discontins pebble coatings Few filaments or faint coa~tings;

Continuous pebble coatings. smel Few to abundant nodules, flakes,

juterpellble fillings filaments

mMany interpobible fillings Many nodules and inteinhdular
fillings

Lamlinr horizon overlying pluggeod Lami.nr horizon overlying ploued

STOIC I E
look ta Kitasug Go Indurated I

HHELLY SO1ILS K22 m

K3

K2lm

NUSRAVELLY SOILS - K22m

.3441K3

Stes of development of a ealishe profile with t ims. Stage I represents Incipient carbonate
acoumatlen, followed by continuous build-up of carbonate until, In Stage I, the soil is

A completely plugged.

Reference: Olle.L.N. 10sterson.F.F.. and O'sm..O.f, mPANTuNT OF THE A IN FORCE -M
The 9 herie.: A =star barites of carbonateI
soousulatle": Sell ScIiene. W. 00. P. 74-82. a ea UA TE U U*I3lm

77 FU 1
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APPENDIX C

UNIFIED SOIL CLASSIFICATION SYSTEM
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QJjI Jpl 1'

SSIIM Zile115

dSnSo9np plag~ A3, 8 % 8M I 11 331 5 - 4 ! ~ gi~. Ml IJ5 -1 1 , - il -I

!Sm~pflIqI~3"IjI' 003-ft -mo 3 :pt. 2 1 'r,ON ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ j w" jn mni a oarus""s~ud

if~UM I swtaipl R1j.1~f n ~t
A As o n m p tt m o n e ~ a f a mS w fln e SAl I - - #

I~L I II Ru I~ off ;jhj i~II#

AIj W1i _qv H~
'31~ ~ as I__ __ ~S r

I Ii - j

vM =_
'U!" -- H p-'ji!!

A1, 50 an
03ss' is, I Its-, l
(A ma IIc mm.n'

SA s 0 51 4 10 am ms'aa011m

100111FE SOIL CLASSoi"14"niICION SYTE

UNIIE SITIG CNLSIFATION SYSTE

DEPARTMENT OF THEwAIR FORCE - SAMSO C

27 FEB 81
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APPENDIX D

PINE AND WAN WAS VALLEYS
STIUDY AREA PHOTOGRAPHS
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.~ ~ ~~. .. . ....

.. A .-- 

- -

Alluvial Fan Deposit (Aafs) in east central Pine Valley;

Class I coarse and fine (multiple) aggregate source

(Station 27).

PINE AND WAN WAN VALLEYS

STUDY AREA PHOTOGRAPH

M~ $~INt INVStSTSOATIO" FIGURE

ORPARTMIN? OF THEf AIR FORCE - gino 0

Lr 3a D 0 NATIONA L I

2-7-FEB-81
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Older Lacustrine Shoreline Deposit (Aolg) along eastern Wah Wah Valley;
Class Icoarse and fine (multiple) aggregate source (Station 38).

PINE AND WAH WAH VALLEYS
STUDY AREA PHOTOGRAPH

* ~MX SITING IVESGATIONtpom

ORPARTMEW? OF THE AIR FOC - 800 10-2

____ ____ ___ ____ ___ ____ - RD NATIONAL, INC.

27FEBOI8
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Older Lacustrine Deposit (Aols) in northern Wah Wah Valley;
Class Icoarse and fine (multiple) aggregate source (Station 35).

PINE AND WAH WAH VALLEYS
STUDY AREA PHOTOGRAPH

MX 3I1W40 INVRSTIGAtION

DEPARTMENT OF THE AIR eORCIg - VM D

EfMURD NATIONALlD
27 FEBI t
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Prospect Mountain Quart zite (Qtz) in Wah Wah Moun tai ns;
Class I crushed rock aggregate source (Station 26).

2I EEE 1 *oNA&TIONAL, INC.
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Basalt (Vb) in northern Wah Wah Valley; Class I crushed rock aggregate
source (Station 55).

PINE AND WAH WAH VALLEYS
STUDY AREA PHOTOGRAPH

MX SITIP4 INVESTIGATION FIGURtE

DEPARTMENT4 Of VMSt AIR FORCE - 000 D-5

2 _ _ __ _ __ _ _ FEB 81aNATI1DN 
AL. NO
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APPENDIX 8

FUGRO NATIONAL GEOLOGIC UNIT
CROSS REFERENCE
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U ARSA POTENTIAL
AGGREGATE FUGRO NATIONAL GENERAL GEOLOGIC

SOURCE SYMBOLS UNMT EXPLANATION
I I

:.W.~ ti la "on tn Mo ft Som" lw 940 4 ami

'k.i.,it 5. ON ".h " .4If

i. ome.h it-i . I m m '01 - .ft.

f...n&W 1-0Wol...

La, D., Ca [5hslow " il. .". 111,,i
n'. .. sate.iusn .. ts

i0., swains., , ni

M%1 momm.ois aas i W. :=

. moL "m- inew

Mo55 US5 t dn o in4.ii

MI ~ ~ mw.

5At5 ft. 5 ft. MiO 'Alooft
mo wbi wso"oiml

. mom.01. Nit, .t1tt ,, .

e,". "ft ok nt t .4m

AA

0 ~ FUR NATlONA GEOOGI UNIT I ooe
CROS RFERNC

-1STNGIVSTGTO

27FGR NATI gin* ONAL GELOGI UIT
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EXPLANATION
5276~'POTENTIAL AGGREGATE SOURCES

( 9 /BASIN-FILL UNITS*

FAaI Stream Channel and TerraceDeposits (All

Windm lt~ Aaf Alluvial Fan Deposits (5

y ero digAol] Older Lacustrine Deposits Ao

*~ / /A[ ] Alluvial Deposits Undifferentiated

7 / ROCK UNITS*

/ * 
BasaltI

F Volcanic Rocks Undifferentiated (12 and/or 14)

/ 504 Gr Granitic Rock ft

FMuI Metamorphic Rocks Undifferentiated (M)

Qz Quartzite (M4 and/or Si1)

1,Limanone (S2)

Dofj] Dolomite (S2)

CuCarbonate flocks Undifferentiated (S2)

I 2 ,C ~ ~]Sedimentary Rocks Undifferentiated (S)
0 F LJ

Ch ~ ~ "I*Reference Appendix E for Symbol Explanation and Comparson

< 0P/.)ASYMBOLS

N- Material type (Aaf) and Grain Size Designation (g).
Aafg Grain size designations are cobble ic). gravel (g) and

'~'~ '*Ksand (s).

-- -- Geologic Contact, Dashed Where Approximate

TEM A- - - - 4rxmt-oce Aggregate and/or
Road-Bass Materials Source Boundary

Verification Study Area

~ FUGRO NATIONA. AGGREGATE RESOURCES
Iff w ourceSAM PLED AND TESTED FIELD STAT'IONS



a2, Rnc SCALE 1: 125,000 ri
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CLASSIFICATION SYSTEMA

08' BASIN-FILL SOURCES

[i~I:I~Clans I- Potentially Suitable Coarse. __ 1111

Concrete Aggregate or Road - Bam Material Source F

Class Potentially Suitable Coarse and Fine (Multiole Source) 1AI-ILA* ~~Concrete Aggregate or hoad-Base Material Surce AIfLLG
COARSE (c)A

Z, ]ROCK SOURCES-

11111111Class I -Potentially Suitable Crushed Rock (
CoceeAggregate orf I-isiaterals Source

BASIN-FILL AND ROCK SOURCES w"NOTE: SE

Class IE. Possibly Unsuitable Coarse, Fine and/or Crushed Rock Concrete
Aggregate / Potentially Suitable Road-Base Material Sourc e -

XXK C M3E- Unsutable Coarse. Fine and/or Crushed Rock ConcreteF
Aggregate or Road Base Mateial Source

Pi

A Wndn~y VN>%
IffTE*'Is :0 f



Aafg Mateial type (Aaf) and Grain Size Designation (9).
-Af 4r~~ ansize designations are cobble (c), gravel (g) and

-- - -Geologic Contact, Dashed Where ApproximateKM- - - - Approximate-Concrete Aggregate and/or
Road-Base Materials Source Boundary

~ ~ Verification Study Area

ial Source -FUGRO NATIONAL AGGREGATE RESOURCES
SAMPLED AND TESTED FIELD STATIONS

Itj ource) BASIN-FILL AGGREGATE SAMPLE CRUSHED ROCK
I ~uceCOARSE (c) AND FINE (f) SAMPLE CLASSIFICATION

- 0A CLASS I

pis SourceCLASM
W: mir 0 ACLASS 31;

NOTE: SEE CORRESPONDING MAP NUMBER IN APPENDIX A FOR
DETAILED IN0FfMATION

Crushed Rock Concrete
NweMtirial Sourc e i-- -

Rock Concrete 2
AGGREGATE RESOURCES MAP

PINE AND WAH WAH VALLEYS, UTAH

/ DRAWIN4G
-~ MX SITING INVESTIGATION

\DEPARTMENT OF THE AIR FORCE - BMO 2

is A.~f4 ~/dKr ~ noum NATIONAL. 10C
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